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Abstract 
 
Congenital talipes equinovarus, often referred to as clubfoot, is a common paediatric foot 
deformity for which the cause is unknown. Clubfoot may be unilateral or bilateral. The 
term clubfoot is used synonymously to describe all presenting subtypes including postural, 
idiopathic, atypical/complex and syndromal. Historically, the majority of feet required 
major surgery however, long term outcomes were poor. In 1995, published results of The 
Ponseti Technique being used in Iowa, USA led to a rapid shift from primarily surgical to 
primarily conservative management. The Ponseti Technique substantially reduced the rate 
of major surgical intervention in children with clubfoot around the world. 
 
A challenge faced by clubfoot researchers and clinicians alike is the lack of high quality 
evidence for interventions, including the Ponseti Technique. Many clinical trials of 
clubfoot are retrospective by design and lack valid and reliable outcome measures. 
Frequently trials combine data from unilateral and bilateral clubfoot cases, even though it 
is unclear if these two groups are comparable, and whether this statistical approach is 
appropriate. 
 
The aim of this thesis was to define and improve the quality of clubfoot research. There 
were four objectives to this thesis. The first was to review the current body of evidence 
concerning the aetiology, assessment and management of clubfoot. The second objective 
was to conduct a prospective clinical trial utilising valid and reliable clinical and 
biomechanical measures to evaluate the effectiveness of tibialis anterior tendon transfer for 
the treatment of relapsed clubfoot. The third objective was to investigate the most 
appropriate statistical analysis strategies in studies combining unilateral and bilateral 
clubfoot. The fourth objective was to perform a Cochrane Review to systematically 
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identify and evaluate all interventions for clubfoot, using the most appropriate statistical 
techniques to account for unit of analysis error seen in pooling bilateral clubfoot cases. 
 
There are six chapters in this thesis. In Chapter 1, an examination of the current body of 
clubfoot literature concerning aetiology, assessment and management of clubfoot was 
undertaken. In Chapter 2, twenty children before and after tibialis anterior tendon transfer 
(TATT) were prospectively compared to an aged-matched group of 12 children with 
clubfoot not requiring this surgery. Confirmation of intra-rater reliability for outcome 
measures was conducted in healthy children aged 2-6 years (Appendix 3). At baseline, the 
TATT group had significantly worse eversion strength and eversion-to-inversion strength 
ratio (Citec hand-held dynamometry), plantar loading (Emed pedobarography), range of 
movement (Dimeglio Scale), foot alignment (Foot Posture Index), and function and 
satisfaction scores (Clubfoot Disease Specific Index). At 12 month follow-up, TATT 
surgery had restored the balance of eversion-to-inversion strength, redistributed plantar 
loading and improved function and satisfaction scores. 
 
Chapters 3 and 4 compared clinical severity and outcomes between unilateral and bilateral 
clubfoot cases. Chapter 3 examined baseline Pirani Scores (clubfoot specific measurement 
of severity) in 141 clubfoot cases at birth (75 bilateral and 66 unilateral). The results 
demonstrated that at baseline, bilateral clubfoot cases were significantly more severe than 
unilateral clubfoot cases. Furthermore, feet in bilateral clubfoot cases were found to be 
highly correlated. In Chapter 4 left and right feet of bilateral clubfoot cases were examined 
to determine if they responded similarly to treatment. A retrospective chart review of 33 
participants (66 feet) who had previously undergone the Ponseti technique demonstrated 
that bilateral feet were highly correlated for the number of serial plasters casts to correct 
the deformity, the need for an Achilles tenotomy and the rate and type of relapse. These 
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studies provide recommendations that future clubfoot research consider the difference in 
severity between unilateral and bilateral clubfoot by stratifying during randomisation, or 
appropriately dealing with them during analysis. Further, the inherent association between 
right and left feet of bilateral cases should be considered during study design through 
adjustment of sample size and during analysis by utilising statistical models which can 
account for known and unknown correlations (e.g. Generalised Estimating Equation). 
 
For Chapter 5 an original Cochrane Systematic Review (2012) (Appendix 4) and an update 
(2014) was undertaken. The first objective of this Review was to evaluate all randomised 
controlled trials for the management of all types of clubfoot. The second objective was to 
statistically account for the correlation of feet in bilateral clubfoot cases during analysis. 
The Ponseti technique was found to produce superior results to the Kite technique and to a 
Traditional technique at the end of initial serial casting. An accelerated Ponseti technique 
was found to be as effective as the standard Ponseti technique at the end of serial plaster 
casting. Adverse events following plaster casting were minor (e.g. plaster slippage) 
compared to those following major surgery (e.g. wound infection and skin grafting). 
 
Chapter 6 summarised the main findings of the thesis and the implications these results 
have on clinical practice and future research methodology. Overall, the results of this thesis 
begin to establish a more complex clinical picture of clubfoot. While postural, atypical and 
syndromal cases of clubfoot have been described in the literature the results of this thesis 
demonstrate the possibility of further subtypes. The TATT trial demonstrated measurable 
differences between those children who do and do not present with dynamic deformity. A 
difference in severity between unilateral and bilateral cases as well as a correlation of feet 
in bilateral cases was demonstrated. These different presentations may relate to new 
subtypes of clubfoot. As subtypes become more clearly established, the prognosis and the 
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ability to tailor management to each subgroup may become more clearly understood. 
While further work has begun to identify genes causing or predisposing clubfoot, careful 
clinical examination and reliable patient-centred outcome measures remains paramount to 
further differentiate and treat this disabling deformity. 
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Overview of the thesis 
 
While the body of evidence for clubfoot continues to expand there remain large gaps in 
knowledge. Improving the quality of research is essential to further develop and 
understand management and prognosis of this deformity. 
 
This thesis considers the evidence base for management of initial and relapsing cases of 
clubfoot and provides a framework for future directions to improve clubfoot research. This 
thesis comprises of six chapters. 
 
Chapter 1 gives a broad overview of clubfoot deformity, the definition, aetiology, 
assessment and current literature concerning the management of the deformity. 
 
Chapter 2 builds on the findings from Chapter 1 reporting a 12 month prospective study 
comparing children with relapsing clubfoot requiring tibialis anterior tendon transfer to 
children with clubfoot not requiring tibialis anterior tendon transfer. This work has been 
published in Clinical Orthopaedics and Related Research. 
 
Chapter 3 evaluates the differences in clinical severity at birth between unilateral and 
bilateral cases of clubfoot and the important statistical implications of examining data per 
foot rather than data per person. The article in this chapter has been published in the 
Journal of Paediatric Orthopaedics Part B. 
 
Chapter 4 extends the study design paradigm shift highlighted in Chapter 3, by examining 
severity and correlation of right and left feet of bilateral cases of clubfoot and the unit of 
analysis error implications for future research in this sub-group. This work has been 
accepted for publication in Clinical Orthopaedics and Related Research. 
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Chapter 5 collates all of the randomised controlled trials of clubfoot interventions in a 
Cochrane Systematic Review and applies the statistical approaches described in Chapters 3 
and 4 to synthesise the highest level of evidence for treating clubfoot. This work was 
published in the Cochrane Database of Systematic Reviews 2010 (Protocol), Cochrane 
Database of Systematic Reviews in 2012 and an update has been accepted for publication 
in the Cochrane Database of Systematic Reviews in 2014. 
 
Chapter 6 summarises and synthesises the results of Chapters 2-5 and discusses the 
implications for future research into the assessment, analysis and management of clubfoot 
deformity. 
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CHAPTER 1 
INTRODUCTION 
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Preface 
 
Every year, around 100,000 babies worldwide are born with a clubfoot. Clubfoot is an 
inborn deformity of the foot, where either or both feet are twisted inward, causing the child 
to walk on his ankles. Left untreated, the condition causes severe lifelong disability. 80% 
of untreated clubfoot are found in developing countries. A patient who undergoes surgery 
will require two to three more surgeries over his lifetime. At 30 years old, a patient who 
underwent surgery will have a quality of life similar to a 50 year-old patient with 
Parkinson’s disease. (World Health Organisation, 26/10/13) 
 
Dissemination of research 
Parts of this chapter have been published as additional works related to the thesis, but not 
forming part of it. These publications can be found in Appendix 1.  
 
 Gibbons PJ, Gray K. Update on clubfoot. J Paediatr Child Health. 2013;49(9):434-
437 
 Gray K. [Commentary] Reliability of physiotherapists using the Pirani scoring 
system. Int J Ther Rehabil. 2012 August;19(8):445 
 Gray K, Gibbons P. Clubfoot. Advances in diagnosis and management. Aust Fam 
Physician. 2012 May;41(5):299-301 
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Clubfoot 
 
Congenital talipes equinovarus (clubfoot) is a deformity where the foot structurally 
develops in equinus, varus, adductus and cavus. Although the clinical spectrum of the 
deformity is broad, many will respond to primarily conservative management. There is still 
much to be unravelled regarding the intricacies of the genetic, environmental and pre-natal 
influences driving the development of clubfoot. Management has significantly evolved 
over recent decades with evidence supporting conservative management as critical to 
improving long term outcomes. The aim of the first half of this review is to address the 
current knowledge of clubfoot epidemiology and review the current understanding of the 
different management strategies. The aim of the second half of this review is to provide an 
overview of the different presentations of clubfoot relapse, outlining the evolution of 
treatment and provide a critical analysis of the current evidence for recent trends in treating 
relapsed clubfoot. 
 
Definition of clubfoot 
 
The term congenital talipes equinovarus is derived from Latin. Congenital means present 
from birth. Talipes is a combination of the words talus, meaning ankle bone and pes 
meaning foot. Equinus relates to the word for horse as a child with clubfoot is observed to 
walk with the foot pointed downwards in the same way that a horse walks. Varus refers to 
a bone which is abnormally angulated in the way the hindfoot (back of the foot) presents in 
clubfoot. The term clubfoot is a colloquial term which describes the appearance of the foot 
as ‘clubbed’. 
 
The term clubfoot is used to encompass several types of similar congenital foot 
deformities. It is used synonymously to include idiopathic, atypical, syndromal and 
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postural clubfoot deformities. The definition of each clubfoot is dependent on several 
factors: laterality, type, the presence of co-morbidities and severity (Table 1).  
 
Table 11 
Definition of clubfoot 
Laterality 
Unilateral (right or left) 
Bilateral 
Type 
Postural 
Typical 
Atypical / complex 
Co-morbidities 
Idiopathic / isolated 
Syndromal (e.g. spina bifida, arthrogryposis) 
Severity 
Initial assessment (e.g. Pirani / Dimeglio Scales) 
 
Clubfoot is defined as a foot in the position of equinus, adductus, varus and cavus (Figure 
1). It presents as a bilateral disorder in approximately 50% of cases.2-6 In unilateral cases, 
clubfoot is reported to be slightly more common in the right foot.2-5 It remains unknown as 
to why clubfoot presents as a unilateral and bilateral disorder. Trials commonly combine 
data from both unilateral and bilateral clubfoot participants; however it is unknown if 
bilateral cases are two independent unilateral cases on one person, or if they represent a 
different disorder altogether. Furthermore, it could be argued that right and left feet or 
bilateral clubfoot cases are not biologically independent. Any difference in severity or 
presence of correlations would have significant implications on design and analysis of data 
in clubfoot trials. There is a need for studies to examine the potential differences (clinical 
or biological markers) between unilateral and bilateral cases of clubfoot. There is also a 
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need for studies which explore the possibility of any correlation between right and left feet 
of bilateral clubfoot cases. 
 
A ‘true’ clubfoot must present with structural deformity and as such, postural clubfoot, 
which has full passive range of movement (a foot which is able to move like a normal foot) 
is not considered a ‘true’ clubfoot deformity.7 Idiopathic clubfoot occurs in isolation while 
syndromal clubfoot presents with associated abnormalities such as trisomy 21, spina bifida 
and arthrygryposis.8 Atypical clubfoot is a more severe form of clubfoot deformity and 
may occur in isolation or as a co-morbidity of a wider syndromal disorder.9 Clubfoot may 
occur in varying severity. Severity is commonly defined using clubfoot specific scales such 
as the Pirani and Dimeglio Scales.10,11 
 
 
Figure 1. Right clubfoot  
(source: candidate’s own image) 
Diagnosis of clubfoot 
Pre-natal diagnosis 
 
Clubfoot can be diagnosed on ultrasound as early as the 12th week of gestation.12 In a 
retrospective study of 147 children who were diagnosed with idiopathic clubfoot on 
prenatal ultrasound, diagnoses were made in 86% of cases between 12-23 weeks gestation 
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and 14% of cases between 24 and 32 weeks. No significant relationship has been found 
between prenatal diagnosis and the severity of the affected foot.12 
Classification of clubfoot at birth 
 
At birth the calcaneus of a normal foot is in 10 degrees of varus with the forefoot adducted 
up to an additional 10-15 degrees. The talar neck is elongated and the talar head may 
articulate with the navicular causing the forefoot to be adducted and supinated. While this 
positioning is a normal variant, it may be referred to as a postural clubfoot. Postural 
clubfoot is distinguishable from structural clubfoot in that normal (full) passive range of 
movement is retained (Figure 2).  
 
 
Figure 2.  
Postural clubfoot:  
note full passive range of movement 
(source: candidate’s own image) 
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Development and anatomy of clubfoot 
Bony development 
 
The foot begins as a lower limb bud approximately day 39 of gestation. By the end of 
gestational weeks 8-9 the foot muscles have separated and the tendons of the long muscles 
(e.g. tibialis anterior and gastrocnemius) are in their final positions. The two osseous 
columns, the medial and lateral, bisect at the Chopart Joint (mid-tarsal joint) with the 
medial column sitting over the lateral column. 
 
In clubfoot, the development of the lower limb bud is abnormal. There is a medial 
displacement of the lateral osseous column below the medial osseous column such that the 
columns may be centrally located and parallel (Table 2).13 
 
Medial Osseous Column 
 
The medial osseous column comprises of the talus, navicular and medial three rays. In 
clubfoot, the talus is smaller, in equinus and medially rotated.14 The navicular is displaced 
medially and may be in contact with the medial malleolus.15 The medial three rays follow 
the navicular and cause adduction of the forefoot. The first ray is relatively pronated 
compared to the rest of the forefoot (Table 2).7 
 8 
 
T
a
b
le
 2
. 
C
o
m
p
ar
is
o
n
 o
f 
b
o
n
e 
st
ru
ct
u
re
 o
f 
th
e 
n
o
rm
al
 f
o
o
t 
co
m
p
ar
ed
 t
o
 t
h
e 
cl
u
b
fo
o
t 
(S
o
u
rc
e:
 c
an
d
id
at
es
 o
w
n
 w
o
rk
) 
 
P
O
S
T
E
R
IO
R
 V
IE
W
 
 
 
M
E
D
IA
L
 V
IE
W
 
 
 
D
O
R
S
A
L
 V
IE
W
 
 
 
 
N
O
R
M
A
L
 F
O
O
T
 
C
L
U
B
F
O
O
T
 
 9 
 
Lateral Osseous Column 
 
The lateral osseous column comprises of the calcaneus, cuboid and lateral two rays. In 
clubfoot the calcaneus is shortened and in equinus, varus and internal rotation.16 The 
cuboid is medially displaced with a sloped calcaneocuboid joint. In the normal foot the 
calcaneocuboid joint is aligned at zero degrees, but in a clubfoot can be aligned at up to 60 
degrees.15 The fourth and fifth rays follow the cuboid causing further adduction of the 
lateral forefoot (Table 2). 
Subtalar Joint 
 
The subtalar joint is the point where the calcaneus and talus articulate. This joint plays a 
vital role in adapting the foot to different ground surfaces by allowing several movements 
to occur simultaneously. Dorsiflexion is coupled with abduction and heel valgus while 
plantarflexion is coupled with adduction and heel varus (Figure 3). Functionally, the 
majority of foot movement occurs around the talus with minimal movement from the 
remaining bones and joints.17  
 
In clubfoot, the foot is in plantarflexion, adduction, and varus. The goal of treatment is to 
abduct, dorsiflex, evert and achieve heel valgus. Therefore correction of the clubfoot 
deformity relies on utilising the normal arc of movement of the subtalar joint.18 
Soft Tissue Development 
 
In clubfoot, there are significant soft tissue contractures of the posterior and medial 
musculature. Intrinsic muscles of the foot and surrounding ligaments are also contracted.15 
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Figure 3. Movements of the subtalar joint (source: candidates own work) 
 
Prevalence of clubfoot 
 
Clubfoot has been traced back several thousand years. Hippocrates documented treating 
clubfoot deformity19 and the Egyptian Pharaoh Tutankhamen was reported to have a 
clubfoot.20 A 17th Century painting, The Clubfoot by Jusepe de Ribera hangs in the Musee 
du Louvre in Paris (Figure 4)  
 
Despite a long history, epidemiology was not well documented until the 1960s. The 
earliest publication, an English hospital based population study from 1940-1961 
documented the rate of clubfoot at 1.24 per 1000.22 In 1969, an Hawaiian study was the 
first to document the prevalence of clubfoot of different ethnic backgrounds reporting a 
rate of 0.57 per 1000 in those with oriental ethnicity, 1.12 per 1000 of Caucasians and 6.8 
per 1000 of native Hawaiians.23 While the prevalence varies between different ethnic 
backgrounds,24,25 the proportion of affected males is consistently higher than females (M:F 
1.6:12 to 4:13) and the ratio of unilateral to bilateral cases remains consistent across ethnic 
groups.2,4-6.
Plantarflexion, 
adduction and 
varus 
Dorsiflexion, 
abduction 
and valgus 
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Figure 4. The Clubfoot by Jusepe de Ribera (1642)21 
 
Subsequent multiple studies have emerged describing variation in clubfoot prevalence 
around the world.2-6,26-29 The difference in prevalence may reflect variations in the study 
design (e.g. hospital vs. population based) and inclusion of different types of clubfoot (e.g. 
postural and syndromal) (Table 3, Figure 5).  
 
Aetiology of clubfoot 
 
While the specific aetiology of clubfoot remains unknown, causal relationships have been 
demonstrated. Factors described in the development of clubfoot include, familial 
inheritance, pre-natal, vascular, muscular and neurological. While studies are identifying 
genes involved in hindfoot development, a common pathway remains unknown and it is 
likely that a complex interaction between the environment and polygenic pathways drive 
the development of this condition. 
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Familial inheritance 
 
Genetics have been shown to play a significant role in the development of clubfoot. A 
positive family history is reported in 25% of cases24,41 and there is a higher incidence in 
first-degree relatives (2%) compared to second-degree relatives (0.6%). Siblings of 
children with clubfoot have a 10% chance of presenting with clubfoot.42 Consanguinity is 
also associated with developing clubfoot. Those born to first-cousin parents have four 
times the risk [OR 4.13 (95% CI 1.48, 11.54] and those born to more distantly related 
parents have almost three times the risk [OR 2.94 (95% CI 1.07, 8.09)] of developing 
clubfoot compared to those of unrelated parents.43 In monozygotic twins, where one twin 
has clubfoot, there is a 1 in 6 chance (0.17; 95% CI 0.02 to 0.48) that the second twin will 
also present with clubfoot. In dizygotic twins this reduces to 1 in 20 (0.05; 95% CI 0.006 to 
0.18).29 
 
The importance of genetic factors in clubfoot aetiology is further highlighted by the 
variation of clubfoot rates in males and females. This variability is thought to be due to the 
‘Carter Effect’.44,45 The Carter Effect is a model which suggests that multiple genetic 
factors including gender play a role in the development of some disorders.  Females are 
thought to have a higher genetic threshold for developing clubfoot. Therefore females 
which present with clubfoot are more likely to be carrying a higher genetic load than their 
male counterparts. Offspring from mothers with clubfoot are more likely to present with 
the disorder than offspring of fathers with clubfoot. This phenomenon was demonstrated in 
a retrospective study examining 97 families where more than one family member presented 
with clubfoot. Of those with clubfoot, females with were 5.55 times more likely than males 
to have offspring who presented with clubfoot.45 Furthermore siblings of affected females 
were more likely to present with clubfoot compared to siblings of affected males (p=0.03). 
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Table 3. Prevalence of clubfoot by World Health Organisation (WHO) region30 
 
Population  Year 
No of cases 
(population) 
Source 
Description of 
cases 
Rate per 1000 
AFRICA      
Malawi31 2000-2002 64(16877) One hospital 
Male 1.3 
34.4% other 
syndromes 
2 
South Africa32 Not stated Not stated 
Hospital based 
(neonates) 
“Black” 
population 
Idiopathic only 
3.5 
Uganda26 
2006-2007  
(20 months) 
131 (110 336) 8 hospitals 
? syndromal cases 
included? 
Male 2.4:1 
1.2 (95% CI 1.3-0.98) 
Zimbabwe33 1994-1996 82 (?) One hospital 
30.5% other 
abnormalities 
0.9 
AMERICAS      
Hawaii23 1948-1958 232 (160 071) 
Population based 
(multiple sources) 
Included up to 
50% syndromal 
cases 
1.12 – Caucasian 
0.57 – oriental 
6.8 - Hawaiian 
USA3 1988-91 1931 (697 057) Hospital based 
CNS anomalies 
excluded 
2.77 
USA3 1988-91 4321 (1 808 225) Hospital based As above 2.39 
SOUTH –EAST ASIA     
India34 Not stated (50 055) Door to door survey Not stated 0.9 
EUROPEAN      
Denmark28 1978-1993 1 335(936 525) Birth Defects registry 
1126 idiopathic 
209 syndromal 
Males 2.19 
1.2 
England22 1940-1961 144 (116 129) Hospital based 
Included 
syndromal cases 
1.24 
Finland35 Not stated 66 (67 054) Hospital based 
Postural + 
syndromal cases 
included 
1.0 
Hungary36 Not stated 97 (55 149) 
Congenital 
malformation 
registry 
Idiopathic cases 
only 
1.47 – Hungarian 
3.41- Hungarian/gypsy 
Scotland27 1994-1996 162 (181 115) 
Scottish idiopathic 
CTEV register 
(Ortho surgeons 
report) 
Idiopathic cases 
only 
B cases 43.8% 
Male 2.86:1 
0.89 
Sicily5 1991-2004 827(801 324) 
Register for 
congenital 
malformations 
Idiopathic cases 
only 
B cases 529 
(64%) 
Males 2.1:1 
1.03 (95% CI 0.8-1.2) 
Spain37 Not stated Not stated Not stated Male 2:1 1.65 
Sweden6 1995-1996 280 (198 719) 
44 hospital clinics 
(all clinics included) 
Idiopathic cases 
only 
72% males 
B cases 46% 
 
1.4 (95% CI 1.2-1.6) 
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One gene linked to the development of clubfoot has been described. Gurnett and 
colleagues identified a single mutation in a family comprising multiple individuals with 
lower limb malformations, including clubfoot.46 The gene, PITX1 encodes a transcription 
factor (TBX4) which has been shown to control the expression of DNA responsible for 
hind limb development. When this single point mutation was replicated in an animal 
model, a clubfoot ‘like’ hind limb was produced (Figure 6). However this mutation did not 
account for all presentations of clubfoot and a consistent common pathway remains 
unknown. 
 
While hereditary factors contribute to the development of clubfoot, all cases are unable to 
be accounted for in this way. Therefore other influences are likely to play a part in the 
development of this disorder. 
WESTERN PACIFIC REGION     
Australia, SA2 1986-1996 388 (216 938) 
Birth Defects registry 
(pop. Based) 
231 idiopathic 
157 syndromal 
B cases 45% 
1.8 
1.1 (idiopathic) 
0.7 (syndromal) 
Australia, WA3 1980-1994 776 (361 189) 
Birth Defects registry 
(Pop. Based) 
450 idiopathic 
326 syndromal 
B cases 73% S, 
46% I 
Indigenous pop. 
Males 4:1 
2.15 (95%CI 1.2-2.3) 
1.25 (idiopathic) 
0.9 (syndromal) 
1.11 – Caucasian 
3.49 – aboriginal 
0.73 – other 
Japan38 Not stated Not stated Not stated Not stated 0.5 
Malaysia39 4/12 period 38 (8 369) Hospital based 
Postural + 
syndromic cases 
included 
4.5 
Papua New Guinea4 2001-2003 60 (22 430) 
Hospital based 
(1 tertiary hospital) 
Live births only 
born ±14/7 from 
term 
Male 3:1 
2.7 
NZ40 Not stated Not stated Not stated Not stated 6-7 – Maori 
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Figure 4. Prevalence of clubfoot around the world by ethnic background. (Source:candidate’s own work) 
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Normal hind limb PITX1 mutation 
    
Figure 6. Clubfoot ‘like’ development seen with mutation of PITX147 
Pre-natal influences 
 
Pre-natal influences have been cited as a cause for clubfoot. A systematic review 
concluded that reduced foetal movement may be a significant contributor48 while another 
study reported that amniotic leaks following early amniocentesis (before 11th week 
gestation) were associated with significantly higher rates of clubfoot compared to mid-
trimester amniocentesis (p=0.0001).49 There is inconsistent evidence that the incidence of 
clubfoot was associated with historical seasonal outbreaks of poliomyelitis.27,50-52  
 
Several studies have linked maternal smoking during the first trimester to an increased risk 
of developing clubfoot.53,54 In a population based case-control study of almost 5000 people 
the odds of developing clubfoot increased by 1.49 (95% CI 1.15 to 1.92) if maternal 
smoking occurred during the first trimester.53 The odds ratio did not significantly change 
after adjustment for maternal age, sex, race/ethnicity and timing of prenatal care initiation 
(OR 1.40, 95% CI 1.07 to 1.83). Another study of 346 infants with clubfoot and 3029 
infants without birth defects demonstrated that in families with a history of clubfoot, the 
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addition of maternal smoking during the first trimester increased the risk of offspring 
developing clubfoot from 6.52 (95% CI 2.95 to 14.41) to 20.30 (95% CI 7.90 to 52.17).54 
Vascular and muscular anomalies 
 
Vascular and muscular anomalies are associated with clubfoot. Hypoplasia and/or 
premature termination of the anterior tibial and medial plantar arteries were confirmed on 
Doppler ultrasound in 28/30 clubfeet.55 In a study of 11 children with unilateral clubfoot, 
four were reported to have lower limb arterial anomalies on MRI.56  
 
A decrease in total muscle volume of the shank in two foetuses with unilateral clubfoot has 
been demonstrated.57 A transverse MRI of the leg taken midway between the knee and 
ankle documented a decrease in the number and size of muscle fibres of the posterior and 
medial distal third of the leg and an increase in fibrous connective tissue with thickened 
and shortened tendons and ligaments. Further increases in muscle atrophy were 
demonstrated on MRI in eight untreated newborns (age 10 days to 2 weeks), eight young 
children (age 2-4 years) and eight adults (age 19-23 years)57 with the authors hypothesising 
that clubfoot may be the result of a muscle growth impairment. 
 
A histological assessment of the musculature in the foot and ankle of 13 children with 
clubfoot between 3 months and 12 years of age found a loss of myofibrils and considerable 
disruption in the banding pattern of muscle fibres compared to samples taken from nine 
children without clubfoot.58 
Neurological anomalies 
 
Neuromuscular origins have also been hypothesised to cause clubfoot.59,60 In an 
electromyography study of 52 children with clubfoot, nerve abnormalities were noted in 
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83% of feet, with 8% having isolated spinal cord abnormalities and 27% having combined 
spinal cord and peripheral nerve abnormalities.61 In a clinical trial reporting 3.5 year 
follow-up of 187 children with corrected clubfoot, nine cases were unable to actively 
dorsiflex their ankle with four having a positive physical sign of peroneal nerve palsy.62 
 
Retrospective trials investigating children with late relapse of clubfoot have uncovered 
previously undiagnosed neuromuscular conditions. Masrouha and colleagues reported non-
specific diagnosis of neuropathy in two patients with persistent relapse while Lovell and 
colleagues reported on four cases of neuromuscular disease diagnosed following a relapse 
after their seventh birthday (Table 4).63,64 
 
Table 4. Neuromuscular disease associated with late relapse in clubfoot 
Study 
Age at 
diagnosis 
Family history of 
neuromuscular disease 
Diagnosis 
Masrouha et al63 
Case 1 ~13 months Not stated Progressive neuropathy 
Case 2 4 yrs 8 months Not stated Neuropathy 
Lovell et al64 
Case 1 
Av. 9 yrs  
(range 8-11 yrs) 
Yes Myotonic dystrophy 
Case 2 Yes Multiple core disease 
Case 3 No 
Charcot-Marie-Tooth Disease.  
(Type 1A) 
Case 4 No Myasthenia gravis 
 
Management of clubfoot 
History of clubfoot treatment 
 
Almost 1000 years ago, Hippocrates treated clubfoot using manipulation and stretching 
though the specifics of his management are not known.19 With the development of surgery, 
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various soft tissue and bony procedures emerged with the goal of obtaining ‘the perfect 
foot’,19 though it has become widely accepted that major surgery leads to poor functional 
long-term outcomes.65 A resurgence of treatment options which minimise surgical 
intervention have occurred in recent decades7,66 and with them a subsequent improvement 
in long term outcomes.65,67,68 
Kite technique 
 
One of the most common conservative managements of clubfoot during the 20th century 
was the Kite technique.69 This technique involved staged correction using serial casts with 
manipulation and stretching occurring around the calcaneo-cuboid joint. Following 
correction, children were required to wear a lower limb brace until 4-5 years of age. 
However, correction using this technique was rarely successful and patients often required 
major surgical intervention. In a review of 75 patients (90 feet) with clubfoot undergoing 
Kite management, 90% required major surgery to correct the deformity.70 Kite was widely 
practiced until the emergence of the Ponseti technique in the late 20th century. 
Ponseti technique 
 
The Ponseti technique was developed by Dr Ignacio Ponseti during the 1940s. The first 
published findings of his technique in 196371 were widely ignored and subsequent 
publications in the 1970s and 1980s received a similar limited response.72,73 In 1995 the 
Treatment of Idiopathic Clubfoot was published.67 This study reported outcomes of 45 
patients with 71 clubfeet who had undergone Ponseti management an average of 30 years 
earlier. An excellent outcome was defined as one ‘which did not limit activities of daily 
living, never painful or occasionally caused mild pain’ while a good outcome was defined 
as ‘occasionally limiting activities of daily living or strenuous activities or painful after 
strenuous activities’. An excellent or good outcome were reported in 78% of participants 
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compared to a control group where 85% of 97 individuals without foot deformities 
reported the same outcome. The Ponseti technique has significantly reduced the need for 
major foot surgery74,75 and is now the most widely practiced clubfoot management in 
Australia and North America.76 
 
The Ponseti technique involves six to eight weeks of serial casting with correction 
occurring around the talo-crural joint, utilising the normal arc of movement of the subtalar 
joint (Figure 7).7 In clubfoot, correction of soft tissue contractures with serial plaster 
casting is associated with improvement in the shape and positioning of the abnormal bone 
structures.77 
 
 
Figure 7. Staged correction with plaster casts using the Ponseti technique10 
 
Following casting an Achilles tenotomy is required in up to 90% of cases.78 Children are 
then required to wear foot abduction bracing (boots and bar) for 23 hours per day for 3 
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months and then during night and naps (14-16 hours per day) until 4 years of age (Figure 
8). Compliance with the bracing regime is imperative to the success of this treatment and 
without it, there may be relapse requiring major surgery.74,78 Following initial correction, 
some cases present with persistent dynamic supination. In these cases a tibialis anterior 
tendon transfer (TATT) is performed to ‘rebalance’ the foot to prevent relapse in older 
children and adults.7 
 
One systematic review on the Ponseti technique has been undertaken. Jowett et al 
undertook a descriptive systematic review which compared the results of the Ponseti 
technique to modified Ponseti techniques and other similar methods of treatment.79 The 
authors included comparative studies, analytical studies, case series and general articles 
with sufficient data. From the 74 articles which met inclusion, the Ponseti technique was 
shown to provide an initial correction rate of approximately 90% in idiopathic clubfoot 
cases. Relapse was acknowledged as an important issue, largely related to non-compliance 
with bracing regimes. 
 
One meta-analysis has been published on clubfoot management. Matos and colleagues 
combined the results of three trials which compared the Kite and Ponseti techniques.80 One 
trial was a randomised controlled trial while the remaining two were observational trials. 
The Ponseti technique was found to be 23 times (95% CI 3.92 to 135.95) more effective 
than the Kite technique in treating initial clubfoot and 8.39 times (95% CI 1.54 to 45.57) 
more effective in treating relapsed clubfoot cases. 
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Boots and Bar 
 
 
 
Figure 8. Ponseti technique for correction of clubfoot7  
(Source: candidate’s own images) 
 
French Functional Technique 
 
The other most widely practiced treatment for clubfoot is the French Functional 
Technique. Developed by Bensahel and Masse in the 1970s this treatment involves daily, 
repeated passive stretching (manipulation) and stimulation of muscles of the affected foot 
with temporary immobilisation using non-elastic strapping.66,81,82 When utilising this 
technique, significant changes to soft tissue, joint and bony structures in newborns and 
effective joint alignment in patients up to two years of age have been demonstrated.83,84  
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When compared to the Ponseti technique, results are conflicting. Three dimensional gait 
analysis has reported significantly higher rates of foot drop in French Functional groups 
compared to Ponseti groups at two year (p=0.026)82 and four year (p=0.007)85 follow-up. 
The four year follow-up study also reported increased calcaneus gait in the Ponseti group 
and increased equinus gait in the French Functional group (p=0.005). However those in the 
French Functional group who required Achilles tenotomies were excluded (as this was not 
deemed part of their usual protocol), while those with Achilles tenotomies in the Ponseti 
group were included. This may account for the differences in gait between the two groups. 
In a study which compared plantar pressure at two years between three groups, French 
Functional, Ponseti and those without foot deformities, significant differences in contact 
time (p=0.017) and maximal force (p=0.002) were reported between the French Functional 
group and those without foot deformities.86 These differences were not observed in the 
Ponseti group. Another study examined outcomes between 176 patients (267 feet) and 80 
patients (119 feet) who underwent Ponseti and French management respectively. At an 
average four year follow-up, the rate of relapse was similar between groups (French 29%; 
Ponseti 37%) although the requirements for surgery to correct relapse was much higher in 
the French Group (French 100%, Ponseti ~30%). 84 When each group was assessed as 
either good (plantigrade foot achieved either with or without percutaneous heel-cord 
tenotomy), fair (plantigrade foot that required, or was scheduled for, a limited posterior 
release, a tibialis anterior tendon transfer, and/or a lateral column shortening) or poor 
(plantigrade foot that required, or was scheduled for, a complete posteromedial release) no 
significant difference between these groups was noted (p=0.31). 
Surgical management 
 
Despite excellent non-surgical correction with stretches (e.g. The French Functional 
technique) or serial plaster casting (The Ponseti technique), the majority of clubfoot cases 
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require some surgical intervention to achieve complete correction.87 Surgical treatment 
varies from minor procedures which may be performed under local anaesthetic (e.g. 
Achilles tenotomy);7,84 to the release or transfer of muscles and/or tendons (extra-
capsular),88-91 to major procedures such as osteotomies and the release or fusion of joints 
(intra-capsular).92-96 Long term follow-up studies have demonstrated that unlike minor 
surgical procedures (extra-capsular), major surgical procedures (intra-capsular) result in 
pain, limited range of movement and weakness.97-99 The most common minor surgical 
procedure is an Achilles tenotomy, while the most common major surgical procedure is a 
posteromedial soft tissue release. However, when major surgery is required, many 
surgeons opt for an a la carte procedure with the goal of minimising additional surgical 
procedures where possible.18,100 
Achilles tenotomy 
 
The most common surgical procedure in the management of clubfoot is an Achilles 
tenotomy. This procedure elongates the Achilles tendon, with the goal of correcting 
equinus contracture and preventing the development of a ‘rocker-bottom’ foot 
deformity.101-103 Achilles tenotomy is a joint-sparing (extra-capsular) procedure which is 
performed in up to 90% of patients following non-surgical management (e.g. Ponseti serial 
casting and French functional techniques).7,84,102 Prospective ultrasound and MRI studies 
have demonstrated a return of tendon gliding and recovery of fibre continuity within 4-6 
weeks post-surgery.104,105,106 While this procedure forms part of standard Ponseti 
management7 the determinants to progress to an Achilles tenotomy is not well defined with 
surgeons variably recommending this procedure when there is less than 10 degrees of 
dorsiflexion,107 less than 15 degrees of dorsiflexion,102,108 less than 20 degrees of 
dorsiflexion109 or when there is less than 25 degrees of dorsiflexion.85 
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Postero-medial soft tissue release 
 
The most common intra-capsular surgical intervention is a posteromedial soft tissue release 
(PMSTR). This procedure involves the release of medial and posterior muscle, tendons and 
joint capsules. A 2-15 year follow-up study of 125 / 149 (84%) clubfeet treated with this 
technique reported good to excellent results using the Laaveg and Ponseti grading 
system.95 However this outcome measure does not have established validity limiting 
confidence in the findings. Furthermore, in a study which interviewed 24 adults (mean age 
21.8 years), pain was reported to develop only after 20 years of age.99  
 
Following PMSTR, long term (mean > 20 years) observational studies97,99,110 have reported 
significant pain, functional limitations and increased osteoarthritic changes of the foot and 
ankle.110,111 Reported adverse events included residual deformity, mal-correction and 
over-correction.18 A study which compared the gait of children between the average ages 
of 6.5 and 9.1 years, who were either without foot deformities or had undergone surgical 
treatment or the Ponseti Technique, found that the Ponseti group had significantly deviated 
gait compared to those without foot deformities. However they remained significantly 
better than those who had undergone surgery.112 
Relapsing Clubfoot 
 
Regardless of severity at initial presentation, correction using conservative techniques and 
an increasing avoidance of major surgery has significantly improved outcomes for clubfoot 
cases over the last few decades. However, despite improved outcomes, relapses continue to 
remain a challenge.  
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Definition of clubfoot relapse 
 
Relapse has been defined as ‘the reappearance of any of the components of the 
deformity’79 and ‘the development of one or more of the original deformities of equinus, 
varus, adduction, and cavus after full correction of an idiopathic clubfoot’.98 ‘Relapse’ is 
commonly interchanged with the word ‘Recurrence’, where in clubfoot literature, both 
have the same implied definition. Clubfoot relapse deformity may present as structural or 
dynamic. Each type may occur in isolation, or together, in varying severity. In this chapter 
relapse will be defined as any further deformity seen after initial correction. In structural 
relapse there is loss of passive range of movement of the foot-ankle complex in one or 
more planes. It is most commonly observed in children under the age of four years, when 
rapid growth leads to an increased risk of redeveloping hindfoot equinus and varus.7 
Dynamic relapse is caused by an imbalance between the medial and lateral muscles of the 
foot-ankle complex leading to an abnormal movement known as ‘dynamic supination’. In 
clubfoot, supinator muscles are relatively ‘strong’ compared to the pronator muscles, 
causing the foot to rotate inwards (dynamic supination).90 Dynamic supination is a specific 
movement during walking where the foot twists inwards during the swing phase and lands 
on the lateral border when it strikes the ground. Skin on the lateral border of the foot is 
often hardened (or callused) compared to the medial border and when the child is asked to 
dorsiflex (lift their foot up) the inside of the foot rises higher than the outside (Figure 9). 
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Increased callus over 
the base of the 5th 
metatarsal and cuboid 
suggestive of severe 
structural and dynamic 
clubfoot relapse 
 
 
Figure 9. Dynamic supination (Source: candidate’s own images) 
 
Aetiology of Relapse 
 
The aetiology of relapse is unknown and it is possible that there may be multiple 
contributing factors. Following completion of initial treatment, early relapse may actually 
reflect incomplete correction.113 Intrinsic factors such as the absence of major arteries of 
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the foot, peripheral neuropathy and the altered histology of musculature and ligaments seen 
in some cases of clubfoot may contribute to the pathophysiology of relapse.56-58,61,62 It is 
widely acknowledged that after initial correction most clubfeet in families who are non-
compliant with an appropriate bracing regime will experience a structural relapse. 
However relapse is also seen in a small proportion of those who are compliant with 
bracing.74 Relapse in older children has been linked to the subsequent diagnosis of 
neuromuscular disorders, where clubfoot has been the only sign of a systemic 
condition.63,64 
 
In children under the age of four years, the cause for structural relapse has been attributed 
to non-compliance of an appropriate bracing regime and, while a causal relationship has 
been suggested, definitive data are lacking.114,115 The cause for dynamic relapse is also 
unknown. Peroneal nerve palsy has been documented in 44-81% of clubfeet which have 
dynamic relapse.62 MRI studies have documented altered blood and nerve supply to the 
foot while electromyography studies have documented nerve and / or spinal cord 
abnormalities in 83% of idiopathic clubfoot participants between 3 months to 15 years of 
age.56,61 All of these factors could create an environment prone to relapse. 
 
Prevalence of relapse 
 
The reported prevalence of structural relapse ranges from 37%-56% with higher rates 
reported in studies with longer follow-up.84,116 In a study of relapsed cases of clubfoot, 6% 
of patients presented with relapse following their seventh birthday.64 The reported 
prevalence of dynamic supination varies from 2.5% to 35%.71,74,117,118 It is possible that the 
absence of a clear definition of relapse and the use of poor objective measures may account 
for the high degree of variation reported. 
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Identification of relapse 
 
The identification of relapse depends on many factors and as such the definition remains 
problematic. Defining relapse may vary for each individual. For example, there may be a 
loss in range of movement, loss of function or the presence of pain. Relapse is commonly 
diagnosed following a thorough clinical assessment and multiple objective measures are 
often required to gain an overall understanding of the type and severity of each relapse. 
 
Objective assessment of clubfoot relapse 
 
There is still much to be discovered about which measures best define and describe 
clubfoot relapse. Graf et al reported that clubfoot measures should determine whether the 
foot will be “useful for a lifetime of good function”.119 Chu et al reported that an ideal 
outcome should accurately define initial severity and also have prognostic implications.114 
One review has recently been undertaken on clubfoot assessment. This review aimed to 
describe a preferred methodology for clubfoot assessment including, range of movement, 
strength (muscular balance in the foot), gait and function, and quality of life.119 A thorough 
assessment is particularly important in the measurement of older children and adults where 
measurements of function and quality of life have been found to be poorly correlated with 
more traditional measures such as radiography.120-123 That is, a foot which ‘looks well’ 
may not function well. While this review described a variety of outcome measures for 
clubfoot, an examination of the reliability and validity of each measure was not reported. 
The development of a variety of valid and reliable outcome measures is important to define 
and assess the effects of interventions for relapsed clubfoot. 
 
 
 30 
 
Range of movement 
 
A loss in range of movement may indicate the earliest sign of structural relapse. As the 
clubfoot deformity occurs in multiple planes it is important to assess all movements of the 
foot. Two clubfoot specific scoring systems, the Pirani and Dimeglio Scales are commonly 
used to provide an overall score of structural deformity.7,11 
The Pirani Score 
 
The Pirani Score is a 13 point scale comprising of 6 items which describe the appearance 
and range of movement of the foot. It is freely available, does not require technical 
equipment and can be administered in under a minute.124 Each of the six-items is scored 
one of three outcomes: 0, corrected; 0.5, partially corrected; 1, not corrected. The score 
comprised of two components, forefoot items (out of 3) and hindfoot items (out of 3) and 
then summed to produce a final score where zero represents a normal foot and six 
represents the most severe (uncorrected) deformity (Figure 10). The Pirani score correlates 
well to ultrasound examination125 and has a high intra-rater reliability with a Kappa value 
of 0.92.126 It has been shown to predict outcomes including the number of Ponseti serial 
casts required for initial correction,124 the need for Achilles tenotomy and the rate of 
relapse post initial Ponseti correction.102,116 It has established repeatability when used by 
trained physiotherapy assistants127 and has good inter and intra-rater reliability when 
scored from photographs, extending its use to locations where specialist services may be 
limited and emerging telemedicine technology is implemented.128 
 
While the Pirani score has been used to assess relapsed clubfoot129 it is most commonly 
used when assessing newborns with clubfoot.77,108,124,126 In older children, the three-point 
scoring system may not be sensitive enough to detect change. In particular, the score of 0.5 
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which defines an item as ‘partially corrected’ does not account for the wide range scores in 
the ‘partially corrected’ zone (e.g. small partial correction, moderate partial correction or 
almost completely corrected). Another widely used objective measure, the Dimeglio Scale, 
has increased objective discrimination and may be able to define outcomes in greater 
detail. 
The Dimeglio Scale 
 
The Dimeglio Scale is a standardised 20-point clubfoot specific scale used to assess 
structural deformity.11 It has been shown to predict the need for Achilles tenotomy102 and is 
emerging as a popular outcome measure in studies of older children with relapsed clubfoot 
(Figure 11).11,82,85,130,131 Predictive capacity for longer term outcomes are conflicting. One 
study found the Dimeglio Scale at birth to be a poor predictor of quality of gait at 2 year 
follow-up,82 while another study reported a good correlation with outcome at two years.132 
One study has examined the reliability of the Dimeglio Scale of two orthopaedic surgeons 
and one physiotherapist in 40 patients. Inter-rater reliability significantly improved 
following the first 15 assessments suggesting the presence of an initial learning curve. In 
the final 25 assessments inter-rater reliability was excellent with ICC’s of 0.83 and 95% CI 
of 2.5 points.133 
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Figure 10. The Pirani Score7 
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Figure 11. Dimeglio Scale from Eastwood et al134 
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Foot alignment 
 
Accurate assessment of foot alignment is important to evaluate clubfoot severity during 
standing and walking. It is unknown if the dynamic deformity of gait seen during dynamic 
relapse is also present during standing. No clubfoot-specific scale assesses foot alignment 
during static weight bearing; however another widely used foot and ankle scale, the Foot 
Posture Index may have utility in the clubfoot relapse population. 
 
The Foot Posture Index is a tool used to quantify foot posture in standing.135 This scale 
rates standing foot posture according to six criteria. Each criteria is given one of five scores 
ranging from -2 to +2. The total of these scores provides a quantifiable measure of foot 
posture ranging from severe supination (high arched foot / pes cavus) to severe pronation 
(flat foot / pes planus) (Figure 12). Excellent inter-rater reliability (Kw = 0.86) has been 
reported in 30 participants aged 5-16 years.136 In 30 children (60 limbs) aged seven to 
fifteen years of age without foot deformity, the Foot Posture Index,  reported inter-rater 
reliability of 0.79 and intra-rater reliability of 0.93-0.94.137  
 
 
Figure 12. The Foot Posture Index135 
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Plantar pressure 
 
Plantar pressure (pedobarograph) is used to assess load beneath the foot during static or 
dynamic weight bearing and is emerging as an outcome measure in clubfoot literature. In 
its simplest form, plantar pressure is achieved by observing footprints, for example, by 
painting the sole of a foot and walking on a strip of paper. In its more advanced forms, in 
shoe-systems and electronic platforms (e.g. Novel Emed GmbH Germany) (Figure 13a, 
Figure 13b) can measure pressure and force, contact time and contact area beneath the foot 
and calculate loading ratios between different parts of the foot. Plantar pressure provides 
the clinician / researcher with an indication of foot and ankle function during gait and other 
functional activities.138 It has been used to assess response to interventions (e.g. surgery, 
foot orthoses, footwear)139,140 and to quantify severity of foot and ankle disorders.141 Good 
to excellent reliability of pressure platforms in adults has been demonstrated for peak 
pressure, maximum force and impulse (ICC 0.69-0.96).142 Pressure platforms have also 
been utilised in assessing early gait patterns in children during the first two months of 
walking.143 
 
Plantar pressure has been previously utilised to assess outcomes following treatment of 
clubfoot,67,144-147 however studies into plantar pressure in clubfoot between those with and 
without dynamic deformity have not been previously undertaken. It is unknown if plantar 
pressure differences are different between these two cohorts and whether current methods 
of correcting dynamic deformity also correct any corresponding differences in plantar 
pressure. 
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Figure 13a. Five year old boy walking 
over a plantar pressure platform (Emed) 
 
 
Figure 13b. Computer generated output 
from the Emed device 
(Source: candidate’s own images) 
 
Strength 
 
Measuring strength is important in children with relapsed clubfoot to assess for signs of 
muscular imbalance. In the normative population inversion-to-eversion strength ratio in 
children is 1:1,148 however in children with dynamic deformity an imbalance of strength is 
observed. Medical Research Council (MRC) grades have been previously used to assess 
differences in foot muscular strength following surgical correction of dynamic deformity.90 
Authors have also devised their own measures. Thompson and colleagues developed an 
outcome measure for restoration of foot muscular balance following correction of dynamic 
deformity with a TATT, though this did not have demonstrated reliability or validty.88,89 
 
While an imbalance of foot strength has been documented in cases of clubfoot with 
dynamic relapse, previously used measures have lower reliability and accuracy compared 
to other objective measures of strength.149 One alternative is hand-held dynamometry. 
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Hand-held dynamometry is a light weight mobile device, which measures maximum 
voluntary isometric strength. Compared to fixed dynamometry (e.g. Cybex and Biodex) it 
is relatively inexpensive, quick and easy to use (Figure 14).150,151 It has documented inter-
rater and intra-rater reliability in patients as young as 2-4 years of age.148 Hand held 
dynamometry has not been previously utilised in clubfoot studies and it may provide a 
more accurate quantification of muscle strength in this population.  
 
 
Figure 14. Hand Held Dynamometry (Photo courtesy of Dr Kristy Rose) 
Quality of Life 
 
As long term follow-up studies have highlighted the detrimental effects that major foot 
surgery can have on patient outcomes, quantifying patient-centred outcomes for clubfoot 
are crucial. In a systematic review of greater than16 000 orthopaedic foot and ankle 
articles, only 5% of trials employed at least one patient-reported outcome measure.152 
Quality of life has been examined in several trials of clubfoot, however many are 
retrospective by design, employ the use of measures which are not specific to clubfoot and 
have poor follow-up.97,153  
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Dobbs et al reported 25-year follow-up of 45 patients (73 feet) who had undergone 
posterior release and plantar fasciotomy (8 patients) or extensive combined posterior, 
medial and lateral release (37 patients) for clubfoot.110 Compared to normative population 
scores, patients with clubfoot reported worse outcomes on the Foot Function Index154 and 
SF-36 health survey.155 Fifty feet were reported as being occasionally painful during daily 
activities, 62 feet were painful after strenuous exercise and 36 were painful during 
walking. However, with a follow-up rate of 72% the outcome of the remaining 28% is 
unknown. In contrast, Hsu et al reported favourable scores on the SF-36 and the Foot 
Function Index in 80 patients (with 120 clubfeet) at an average of 21.2 years post-surgical 
release.156 This cohort had undergone slightly different major foot surgery which included 
insertion of a temporary K wire post-surgery. However, again the authors acknowledged 
that the poor follow-up of 50% may have significantly influenced their findings. 
Prospective studies with higher follow-up rates are required to assess the long term quality 
of life outcomes following different interventions. 
 
One randomised controlled trial has prospectively reported on quality of life. Zwick et al 
evaluated quality of life between a Ponseti cohort and a ‘Traditional’ technique cohort 
using the Pediatrics Outcomes Data Collection Instrument (PODCI).157 However data on 
quality of life was reported per foot, rather than per participant and is therefore difficult to 
determine as some participants had quality of life measured on right and left feet (bilateral 
cases) while others just on one foot (unilateral cases). 
Function and satisfaction 
 
There is only one clubfoot-specific measure of function and satisfaction. The Clubfoot 
Disease Specific Index (Clubfoot DSI) developed by Roye et al contains 10 questions 
which are each scored on a scale of 1 to 4.120 A total score is assigned by summing the 
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results of each question, where a higher score is indicative of a poorer outcome (Table 5). 
When developed, the Clubfoot DSI had an internal consistency alpha score of 0.76 and was 
highly correlated to qualitative interviews for teasing (r=0.71), cosmesis (r=0.54), function 
(r=0.60), burden of care (r=0.88) and pain (r=0.68).120 The Clubfoot DSI has been 
significantly correlated to the Child Health Questionnaire (CHQ), a validated generic 
health status questionnaire, in children 10-18 years following clubfoot surgery for bodily 
pain (p<0.05) and physical function (p<0.05); and the Pediatric Quality of Life Inventory 
(PedsQL) for total score (r=0.63), physical health score (r=0.71) and psychosocial score 
(r=0.55).68 Some studies have shown that those who have undergone joint sparing surgery 
have significantly better Clubfoot DSI scores than those who have undergone joint 
invasive surgery.68 A study of 24 patients with clubfoot initially managed with extensive 
soft tissue surgery at an average of 10-18 years of age reported similar Clubfoot DSI scores 
compared to a group of ‘athletic’ controls.121 However a ceiling effect with function was 
reported and the authors recommended utilising both generic and Clubfoot DSI outcome 
measures to better quantify function and satisfaction. In clubfoot it remains unknown if 
relapse has an effect on quality of life, or function and satisfaction. There is a need for 
these measures to be utilised in studies examining clubfoot relapse. 
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Table 5. Clubfoot Disease Specific Index (DSI)120 
 
1. How satisfied are you with the status of your child’s foot? 
 1 2 3 4 
 Very satisfied   Very dissatisfied 
2. How satisfied are you with the appearance of your child’s foot? 
 1 2 3 4 
 Very satisfied   Very dissatisfied 
3. Rate the amount of teasing your child has related to the clubfoot 
 1 2 3 4 
 Never teased   Always teased 
4. Rate problems finding shoes that fit your child 
 1 2 3 4 
 Never a problem   Always a problem 
5. Rate problems finding shoes that your child likes 
 1 2 3 4 
 Never a problem   Always a problem 
6. Does your child complain of pain in the foot that was operated on? 
 1   4 
 No   Yes 
7.  Rate your child’s limitations in the following activities 
a. Walking 1 2 3 4 
 Not limited   Completely limited 
b. Running 1 2 3 4 
 Not limited   Completely limited 
8. How much does your child complain of pain during heavy exercise? 
 1 2 3 4 
 Never complains   Always complains 
9. How much does your child complain of pain during moderate exercise? 
 1 2 3 4 
 Never complains   Always complains 
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Management of relapse 
 
Identification of the type of relapse is essential to determine appropriate management as 
well as to prevent and minimise future relapses. As the spectrum of structural and dynamic 
relapse ranges from mild to severe, management is tailored to each individual. The primary 
goal when treating relapsed clubfoot is to provide a correction which will result in a life-
long, pain free and functional foot. Similar to management for initial presentations, several 
approaches may be needed and avoidance of major foot surgery remains a priority. 
 
The treatment for relapse depends on the type and severity of the relapse. Chu et al114 
recently published an algorithm for treatment of clubfoot relapse which distinguishes 
between clubfoot not corrected with initial treatment; and structural and dynamic relapsed 
clubfoot (Figure 14). 
 
Figure 14. Algorithm for treatment of relapsed clubfoot114 
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While this algorithm represents clinical practice for management of relapse, there remains 
an absence of evidence in some areas. First, evidence for the management of combined 
dynamic and structural deformity using a combination of conservative and surgical 
techniques is limited. Second, this algorithm advocates for the use of orthoses post 
correction of dynamic deformity, however evidence for this approach has not been 
established in children following correction of dynamic relapse. Finally this algorithm does 
not provide guidance for those feet with structural relapse which do not respond to repeat 
serial plaster casting. 
Management of Structural Relapse 
 
Early identification of structural relapse can allow for prompt initiation of treatment, 
reducing the risk of additional surgical procedures. Treatment for structural relapse focuses 
on correction of foot alignment and restoration of passive range of movement. Emerging 
evidence is suggesting that conservative treatment may be of benefit, even for those who 
have undergone previous surgery. In a retrospective review of 58 children (83 clubfeet) 
treated with Ponseti serial casting for relapse following posteromedial soft-tissue release, 
86% of feet obtained at least plantigrade correction with an average of four casts (range 
1-10).130 
 
As major foot surgery leads to poorer long-term outcomes, conservative management 
should be encouraged as the first line of treatment for structural relapse (Figure 15). 
Following treatment of structural relapse further bracing may be sought to maintain passive 
range of movement and prevent future relapse. Children under the age of four years can 
resume their bracing protocol, however, some clinicians advocate in these ‘higher risk’ 
cases that bracing is extended from four to five years of age.98 In other cases, alternative 
individualised bracing, such as ankle foot orthoses (AFOs) may be sought.158  
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Figure 15. A four year old child being treated for structural clubfoot 
relapse (Source: candidates own image) 
Management of Dynamic Relapse 
 
Tibialis anterior tendon transfer (TATT) 
 
Treatment for dynamic relapse has not significantly changed since the early 1940s when 
Garceau presented the benefits of a TATT.159 Historically this procedure was combined 
with or completed after major foot surgery. TATT surgery is considered part of the Ponseti 
management protocol in those children where dynamic relapse is identified.7  
 
The TATT procedure involves transferring the distal part of the muscle from the base of 
the first metatarsal to the middle of the foot (third metatarsal or lateral cuneiform) (Figure 
16).88 By moving the location of the distal end of the muscle, its ability to supinate the foot 
is diminished, while its ability to dorsiflex is retained. This, in turn restores the muscular 
balance of the foot.
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In the normal foot there is a 
balance of inversion to eversion 
strength 
 
In clubfoot there is an imbalance 
between inversion and eversion 
strength 
 
In a TATT, the base of the tendon 
is transferred laterally, rebalancing 
the foot 
Invertors Evertors 
Figure 16. Mechanism of a TATT 
 
 
 46 
 
The two most common approaches to a TATT are the full or split transfer. One cadaver 
and one retrospective study have demonstrated no significant difference between either 
method. 
 
In a study of 10 fresh normal anatomic specimen legs, tension mounted through tibialis 
anterior after split tendon transfer to the fourth metatarsal axis and full tendon transfer to 
the third metatarsal axis showed a maximal dorsiflexion range of movement of 28.3 ± 
3.1 and 27.1 ± 2.9 respectively.160 While this difference was not significantly different 
between groups, the authors acknowledged that testing dorsiflexion of the foot using 
tibialis anterior only did not account for other intrinsic forces. Therefore these outcomes 
may not be applicable to live patients. Furthermore, as many clubfeet have altered 
muscular histology, it is unknown if these results can be generalised to cases of clubfoot.  
 
Kuo et al retrospectively examined outcomes between 55 patients (71 feet), of whom 42 
feet underwent full TATT and 29 feet underwent split TATT at an average of 8.8 years 
earlier.90 Improvements in passive range of movement, muscle strength, appearance and 
x-ray findings were observed in both groups, however, 13 feet in the full transfer group 
and 5 feet in the split transfer group had undergone additional surgery during the follow-up 
period. Furthermore, 51% of the cohort had undergone prior clubfoot surgery before being 
referred to the investigator’s institution, possibly leading to differences at baseline. There 
remains an absence of evidence to determine if either method is superior and at present the 
decision to progress to a full or split TATT remains at the decision of the surgeon. 
Outcomes following TATT surgery 
 
Studies following TATT surgery are commonly biased in baseline heterogeneity and 
affected by the addition of other surgical procedures. Two trials have reported outcomes of 
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TATT in patients who had previously undergone major surgical intervention. Ippolito et al 
reported on 19 patients (22 clubfeet) with a 1-5 year follow-up after TATT surgery.91 
Clinical photographs and weight-bearing x-rays demonstrated a normal stance and 
restoration of gait in 19/22 feet. Another retrospective chart review which examined 
appearance, Laaveg and Ponseti scale, passive range of movement, strength and 
radiography at an average of 24.8 years post TATT concluded that extensive surgery for 
relapsed clubfoot resulted in poor outcomes including tendon failure, over correction and 
weakness of dorsiflexion.153 In both studies all patients had undergone prior surgical 
treatment for clubfoot and all had additional major foot surgical procedures as part of their 
TATT surgery. The degree to which prior surgery and additional procedures affected 
outcomes following TATT surgery remains unknown. 
 
Two trials have reported outcomes following TATT surgery in those with prior 
conservative treatment. Copper and Dietz reported an “excellent” or “good” outcome at 30 
year follow-up of 35/45 (78%) of patients with clubfoot compared to normal controls.67 
This cohort of 35 patients (71 feet) included 38 feet which had previously undergone a 
TATT (53%). However, the results were combined with the remaining 47% who did not 
require TATT surgery. A prospective trial comparing 30 children (37 feet) before and after 
TATT surgery with 20 aged-matched healthy controls showed a ‘normalisation’ of 
percentage contact area and percentage contact time at 2 year follow-up.145 However, while 
all children were stated to have undergone previous conservative management it is not 
known if all children underwent the same initial treatment and therefore the degree to 
which each initial management affected outcomes remains unknown.  
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Treatment for combined structural and dynamic relapse 
 
A flexible foot has been demonstrated to be beneficial to outcomes following TATT 
surgery, however clubfoot relapse may present as a combination of structural and dynamic 
deformities. Farsetti et al compared outcomes between a mixture of flexible (dynamic 
only) and non-flexible (structural) deformity in 35 clubfeet at 17-28 years after TATT 
surgery.122 They observed that flexibility of the foot was a predictor for a good outcome in 
range of movement and pain post TATT. However, 19 feet had previously undergone 
posteromedial soft tissue release with the remaining 16 feet having undergone Ponseti 
management. It is unknown what effect the differing prior treatment had on outcomes. 
 
There remain gaps in the evidence regarding TATT surgery for correction of dynamic 
relapse. First, previous trials have utilised additional surgical procedures to correct 
structural deformity during TATT surgery.88 There is a need for trials which minimise the 
use of additional surgical procedures during TATT surgery. Structural deformity may first 
be corrected by repeat Ponseti serial casting. No trial has previously examined outcomes 
where structural deformity has been first corrected by repeat Ponseti serial plaster casting. 
Second, baseline heterogeneity may significantly affect outcomes. There is a need for trials 
where baseline heterogeneity is minimised. Finally, studies have previously combined 
outcomes of participants who underwent TATT with those who did not require this 
procedure. It remains unknown as to why only some children present with dynamic 
deformity. There is a need, to examine objective baseline differences between those with 
dynamic relapse and those without dynamic relapse, and to then examine if a TATT 
procedure corrects any differences between these two groups. 
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Summary 
 
Clubfoot is a congenital deformity of the foot occurring in 0.3 to 7 per 1000 live births and 
is bilateral in 50% of cases. While genetic and environmental factors appear to contribute 
to the development of clubfoot, other causes are likely to be involved. It is unknown if 
bilateral and unilateral feet arise from a similar cause. No study has previously evaluated if 
there is a variation in severity between unilateral and bilateral cases. Any difference in 
severity may influence outcomes in clinical, trials of clubfoot treatment. Studies which 
compare unilateral and bilateral clubfoot severity and outcomes is required. 
 
The most common intervention for clubfoot is the Ponseti technique. One systematic 
review and one meta-analysis of clubfoot interventions have been previously published. 
These reviews examined the Kite and Ponseti techniques for management of clubfoot. 
While both reviews supported the use of the Ponseti technique, there is a need for further 
systematic reviews of all interventions for clubfoot including initial, resistant, relapsed and 
neglected cases. 
 
Management of clubfoot relapse remains a challenge. To date trials have commonly 
included a heterogeneous cohort, in particular a mix of prior conservative and surgical 
management. However, there remains an absence of evidence to guide the management of 
patients undergoing TATT for dynamic relapse who had previously undergone the Ponseti 
technique alone. Multiple trials have also included additional surgical interventions. Trials 
which minimise additional surgical interventions at the time of TATT and during follow-
up are required. The quality of trials could also be improved through the use of a wide 
range of reliable and valid outcome measures. 
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While clubfoot cohorts undergoing TATT procedures have been compared to those 
without foot deformities, studies are yet to compare the results within clubfoot cohorts. 
That is, comparing clubfoot cases which require a TATT, to those who do not require this 
surgery. By comparing these two groups at baseline, objective differences may help to 
accurately identify which patients may benefit from this surgery. By comparing results 
post-surgery, an indication of the true benefit of TATTs within the clubfoot population can 
be determined. 
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CHAPTER 2 
MANAGEMENT OF DYNAMIC CLUBFOOT 
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Preface 
 
In Chapter 1 tibialis anterior tendon transfer (TATT) was identified as a common surgical 
procedure for relapsed clubfoot when dynamic deformity was present. However, 
prospective clinical trials using objective outcome measures for this surgical approach 
were lacking. The objective of this chapter was to conduct a 12-month prospective clinical 
trial of 20 children with relapsing clubfoot requiring a TATT and compare them to a cohort 
of 12 children with clubfoot who do not require this procedure. 
 
Intra-rater reliability of outcome measures used in this trial were confirmed through a 
reliability study (Appendix 2). The parent/participant information sheets and the clinician 
examination form are shown in Appendix 3. 
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The study in this chapter has been published in Clinical Orthopaedics and Related 
Research which has an impact factor of 2.787 and is ranked 8th out of 65 orthopaedic 
journals and 27th out of 199 surgery journals. 
 Gray K, Burns J, Little D, Bellemore M, Gibbons P. Is tibialis anterior tendon 
transfer effective for recurrent clubfoot? Clinical Orthopaedics and Related 
Research. 2014;472(2):750-8. 
 
Abstracts of this study have been published in the following two journals: 
 Gray K, Gibbons P, Little D, Burns J. Assessment of children with CTEV pre-
tibialis anterior tendon transfer. Do they differ from those who don’t require a 
TATT? Journal of Pediatric Orthopedics Part B. 2012:21(1);92  
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 Gray K, Gibbons P, Little D, Burns J. Biomechanical assessment of children 
requiring tibialis anterior surgical tendon transfer for residual congenital talipes 
equinovarus. Journal of Foot and Ankle Research. 2012: 5 (Suppl 1): O31. 
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Conference, Melbourne, Australia, 28-30 March 2014 
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CHAPTER 3 
UNILATERAL VERSUS BILATERAL 
CLUBFOOT 
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Preface 
 
The severity between unilateral and bilateral cases has not been previously quantified. 
Differences in severity between unilateral and bilateral cases may underestimate or 
overinflate findings when not appropriately considered during study design and statistical 
analysis. Suggested options for overcoming this issue, such as excluding data from the 
second limb in bilateral cases, were undertaken during the prospective study in Chapter 2. 
However, to determine the relevance of these potential issues it is first necessary to 
determine if unilateral and bilateral cases present with similar or differing severity. The 
objective of this study was to assess baseline clinical severity in 141 children with 
idiopathic clubfoot to determine if unilateral and bilateral clubfoot present with similar 
severity. 
 
The study in this chapter has been published in the Journal of Paediatric Orthopaedics B 
which has an impact factor of 0.532 and is ranked 53rd of 63 in orthopaedic journals. 
 Gray K, Barnes E, Gibbons P, Little D, Burns J. Unilateral versus bilateral 
clubfoot: an analysis of severity and correlation. J Pediatr Orthop B. 2014 
Sep;23(5):397-9. doi: 10.1097/BPB.0000000000000064. 
 
This study has been presented at the following conferences: 
 Gray K, Gibbons P, Little D, Burns J. Are all clubfeet created equal? Australasian 
Ponseti Conference, Melbourne, Australia, 28-30 March, 2014. 
 Gray K, Gibbons P, Little D, Burns J. Are all clubfeet created equal? Australian 
Physiotherapy Conference, Melbourne, Australia, 17-20 October 2013. 
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CHAPTER 4 
BILATERAL CLUBFEET ARE HIGHLY 
CORRELATED 
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Preface 
 
Chapter 3 identified a strong correlation between right and left feet of bilateral cases of 
clubfoot at birth. However it is unknown if the similar severity between right and left feet 
of bilateral cases at baseline implies a similar response to intervention. A correlation in 
response to treatment would further justify the use of careful consideration of statistical 
approaches in future clubfoot studies. 
 
The objective of this chapter was to undertake a retrospective study examining outcomes in 
33 children with bilateral idiopathic clubfoot receiving Ponseti management. 
 
The study in this chapter is awaiting publication in Clinical Orthopedics and Related 
Research which has an impact factor of 2.787 and is ranked 8th out of 65 in orthopaedic 
journals and 27th out of 199 in surgery journals. 
 Gray K, Gibbons P, Little D, Burns J. Bilateral clubfeet are highly correlated. A 
cautionary tale for researchers. Clin Orthop Relat Res 2014 Nov;472(11):3517-22. 
doi: 10.1007/s11999-014-3776-6. Epub 2014 Jul 15. 
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CHAPTER 5 
A COCHRANE SYSTEMATIC REVIEW 
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Preface 
 
In Chapter 1 it was identified that two systematic reviews have been published, although 
both reviews compared only two types of clubfoot management. No review has examined 
all interventions for clubfoot. The objective of this chapter was to undertake a systematic 
review of all types of clubfoot management, for any type of clubfoot, at any age. A 
Cochrane Collaboration Systematic Review of all randomised controlled trials was 
undertaken with the support of the Cochrane Neuromuscular Disorders Group. The data 
extraction form used to obtain data from the studies included in this systematic review are 
presented in Appendix 4. 
 
The study in this chapter has been accepted for publication in the Cochrane Database of 
Systematic Reviews (2014) which has an impact factor of 5.715 and is ranked 11th of 151 in 
general medicine journals. 
 Gray K, Pacey V, Gibbons P, Little D, Burns J. Interventions for congenital talipes 
equinovarus (clubfoot). Cochrane Database Syst Rev. 2014 Aug 12;8:CD008602. 
doi: 10.1002/14651858.CD008602.pub3. 
 
The Cochrane Collaboration Systematic Review (Protocol) and Cochrane Collaboration 
Systematic Review (2012) was also completed as part of the PhD candidature (Appendix 
4): 
 Gray K, Pacey V, Gibbons P, Little D, Burns J. Interventions for congenital talipes 
equinovarus (Protocol). Cochrane Database Syst Rev. 2010, Issue 7 
 Gray K, Pacey V, Gibbons P, Little D, Frost C, Burns J. Interventions for 
congenital talipes equinovarus (clubfoot). Cochrane Database Syst Rev 2012, Issue 
4. Art. No.: CD008602. DOI: 10.1002/14651858.CD008602.pub2 
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CHAPTER 6 
CONCLUDING REMARKS 
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Main findings of the thesis 
 
Congenital talipes equinovarus, or clubfoot, is a deformity of the foot which presents at 
birth. Clubfoot deformity presents bilaterally in approximately 50% of cases. The cause is 
thought to be multifactorial. While a high proportion of feet are corrected at birth with 
conservative management such as The Ponseti technique, relapse remains an ongoing 
challenge for clinicians.  
This chapter discusses the main findings of the thesis, namely 
 A tibialis anterior tendon transfer (TATT) is effective in correcting dynamic relapse in 
clubfoot.  
 Cases of bilateral clubfoot are more severe than unilateral clubfoot.  
 Feet from each bilateral clubfoot case were found to be highly correlated throughout 
initial treatment and relapse.  
 Statistical recommendations to improve future paediatric orthopaedic research. 
 An original and updated Cochrane Systematic Review for all interventions for clubfoot 
utilised the statistical recommendations, providing the highest level of evidence in 
support of the Ponseti technique for the management of clubfoot. 
 
Management of dynamic relapse in clubfoot 
Dynamic relapse is documented to occur in up to 37% of clubfoot cases. Chapter 1 
highlighted the lack of evidence supporting interventions for relapsed clubfoot. In 
particular the TATT procedure, widely performed to correct dynamic relapse, had not been 
prospectively evaluated with a wide range of valid and reliable outcome measures. 
Furthermore, comparing children with dynamic deformity who required a TATT to those 
without dynamic relapse had not been previously undertaken. The prospective clinical trial 
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described in Chapter 2, published in Clinical Orthopaedics and Related Research reported 
several new findings as follows: 
 
Baseline differences between children with and without dynamic relapse 
At baseline, children with dynamic relapse awaiting a TATT presented with less passive 
range of movement, were more supinated in standing, had reduced medial plantar loading 
during gait, exhibited eversion weakness, had reduced eversion-to-inversion strength ratio 
and lower function and satisfaction scores compared to those children with a history of 
clubfoot not requiring a TATT procedure.  
 
Plantar pressure was found to be a useful, objective and consistent measure of dynamic 
relapse. Similarly, Tulchin and colleagues recently demonstrated differences in plantar 
loading between those awaiting TATT procedure and those without foot deformities.1 In 
their study which compared 30 children (37 feet) awaiting a TATT to 20 age-matched 
controls, peak pressure and contact area in the medial forefoot and midfoot were 
significantly less in those awaiting a TATT. However it was reported that the study cohort 
had undergone a differing initial management including Ponseti and French techniques. It 
would be interesting to examine if differences exist between Ponseti and French 
techniques. 
 
Three, six and twelve month outcomes following a TATT 
Three months after the TATT procedure a transient weakening of inversion strength 
coupled with an improvement in eversion strength, rebalanced the eversion-to-inversion 
strength ratio. Improvements in plantar loading and in function and satisfaction scores on 
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the Clubfoot Disease Specific Instrument were also demonstrated. At six months post-
surgery a recovery of inversion strength coupled with ongoing improvements in eversion 
strength maintained the eversion to inversion strength ratio. At 12 month follow-up, 
despite the TATT group remaining significantly less pronated in standing and with reduced 
range of movement scores compared to the non-TATT group, they exhibited significant 
gains in eversion-to-inversion strength ratio, plantar loading, and function and satisfaction. 
These findings demonstrate objectively the benefit of the TATT procedure in those with 
dynamic deformity compared to a control clubfoot group. 
 
Implications of research findings  
There are considerable clinical implications from the findings of Chapter 2. Children who 
meet existing criteria for a TATT (i.e. dynamic supination deformity) are also likely to 
present with reduced passive range of motion compared to those without dynamic relapse. 
Our study utilised repeat Ponseti serial casting as a means to improve passive range of 
motion before TATT surgery. Of the 14 children who underwent pre-surgery casting, only 
five required additional surgical procedures. This finding supports the use of repeat Ponseti 
serial plaster casting as a means to reduce additional surgical procedures in children 
awaiting a TATT. 
 
The absence of structural supinated deformity at the time of TATT has been associated 
with improved outcomes.2 However, while repeat Ponseti serial casting had been 
previously prescribed in children with structural relapse following posteromedial soft 
tissue release,3 its use before TATT surgery has not been previously quantified. Without 
serial casting, it could be hypothesised that these children would have required more 
additional procedures. Future studies which compare planned surgical procedures before 
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and after repeat Ponseti serial plaster casting may be able to further quantify the effect of 
this pre-operative intervention. 
 
Eversion-to-inversion strength ratio was restored at three months post-surgery to that of 
children without relapsed clubfoot, however this was initially attributed to a transient 
reduction in inversion strength. Weakness of inversion following this procedure had not 
been previously reported, probably due to prior retrospective studies having longer 
minimum follow-up times of at least one year post surgery.2,4,5 Subsequent recovery of 
inversion strength occurred at six months post-surgery. Clinicians should therefore expect 
a period of weakness which is likely to recover without additional intervention by six 
months after surgery. 
 
Plantar pressure has been previously assessed in children with clubfoot following TATT 
surgery.1 At an average 2 year follow-up (range 0.8-2.9yrs) Tulchin and colleagues 
reported significant increases in peak pressure of the medial forefoot and midfoot, though 
the medial forefoot continued to remain significantly different compared to age-matched 
controls. Increases in the contact area of the medial forefoot and midfoot resulted in non-
significant differences between those who had undergone a TATT and age-matched 
controls. Future prospective trials may consider direct comparison between three groups – 
those with clubfoot and dynamic relapse, those with clubfoot without dynamic relapse and 
healthy age-matched controls. 
 
There remain many avenues for ongoing research into the use of the TATT procedure. 
There are a variety of modifications to the TATT procedure. The use of TATT versus split 
tibialis anterior tendon transfer (SPLATT) varies between surgeons and centres.1,7 The 
distal site of tendon re-attachment varies.6 In our cohort all children except one had re-
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attachment of the tibialis anterior tendon to the lateral cuneiform. In one child the tendon 
was transferred to the second cuneiform. This child was the only child lost to follow-up. It 
remains unknown if clinical outcomes differ between SPLATT versus TATT or where the 
tibialis anterior tendon is re-attached. Prospective studies which employ a wide range of 
valid and reliable measures are required to further understand these potential differences. 
 
While previous studies have described structural deformity before a TATT procedure,5,6 
quantification of the loss of range of motion in children awaiting TATT before repeat serial 
casting has not been undertaken. It remains unknown if this loss in passive range of motion 
is due to the weakness in eversion strength, or if those children awaiting TATT have a 
more severe form of clubfoot. Prospective studies which document range of movement 
from birth may be able to identify when this loss in range occurs.  
 
There were two relapses during the follow-up period, however, longer follow-up is 
required to determine if further relapses emerge. There are several hypotheses as to why 
relapse occurred. One study has previously reported that two children with persistent 
relapse following TATT subsequently received a diagnosis of a neuromuscular disorder.8 
Of the two participants who relapsed, both underwent repeat Ponseti serial casting before 
TATT surgery; however neither were placed into post-operative bracing. Another 
participant in the TATT cohort was prescribed a knee-ankle-foot-orthosis following 
surgery as a precaution to prevent relapse and did not relapse during the follow-up period. 
It is unknown if in these cases, post-operative bracing prevented further relapse. In a 
flowchart for management of relapse, Chu et al described the use of orthoses following 
treatment,9 however there remains an absence of evidence to determine added benefit of 
bracing after TATT surgery. Future studies which examine the use of bracing post TATT 
are required. 
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Avoiding unit of analysis error 
 
Comparison of unilateral and bilateral cases of clubfoot 
In Chapter 1 it was noted that clubfoot presents as a bilateral deformity in approximately 
50% of cases, however it was unknown whether unilateral and bilateral feet are 
comparable. Chapter 3 compared baseline severity between unilateral and bilateral 
clubfoot cases. Baseline Pirani scores in patients with bilateral clubfoot with no prior 
intervention were given a binary outcome, Pirani Score ≥ 5 (more severe) or a Pirani Score 
of ≤ 4.5 (less severe). Analysis using a generalised estimating equation (GEE) revealed 
that bilateral feet were 2.6 times more likely to be more severe than unilateral cases 
(p=0.007). Furthermore, feet of bilateral cases were found to be correlated (r=0.68, 
p<0.001). 
 
Implications of research findings 
The results of this study support the hypothesis that feet from participants with bilateral 
clubfoot are more likely to (1) require greater intervention to correct the deformity; and (2) 
have feet which present with similar severity. 
 
There are also important research implications of these findings. Many studies in clubfoot 
combine data from unilateral and bilateral participants. Without accounting for differences 
in severity an over or underestimation of findings may occur. This is particularly relevant 
if there are different proportions of unilateral and bilateral cases in each intervention arm 
of a clinical trial. Researchers can adjust for this potential bias in a number of ways. In the 
Cochrane Systematic Review, Rijal et al, when comparing outcomes of the Ponseti and 
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Kite techniques divided their cohort into three groups.10 The first group compared 
outcomes of unilateral cases, the second compared outcomes from bilateral cases where 
each foot of a participant had been assigned to a different treatment arm and the third 
compared outcomes from bilateral cases where both feet of the same participant had been 
assigned to the same intervention. In their results, the Ponseti technique was found to be 
superior to the Kite technique in all cohorts.  However this technique reduces sample size 
and therefore power. During study design, stratification of unilateral and bilateral cases can 
ensure even numbers between groups in a trial. Previous clubfoot studies have only 
considered the number of unilateral and bilateral cases in each treatment arm post-hoc.11 
However, even with equal distribution of unilateral and bilateral cases, consideration of 
unit of analysis is required. Common statistical tests, such as Student T-tests and Mann U 
Whitney, assume that each data point is independent. These tests are unable to recognise or 
account for multiple data points taken from one person. To satisfy the requirement for 
independent data in the longitudinal trial in Chapter 2, one foot from each bilateral case 
was randomly selected through random number generation. This method has also been 
employed in other clubfoot studies.12,13 In Chapters 3, 4 and 5 of this thesis, following 
consultation with two biostatisticians, complex statistical models; a bootstrap technique 
and GEE were used as sophisticated alternatives. 
 
The bootstrap model is a technique where by one set of raw data were used to calculate the 
correlation between right and left feet from bilateral cases. This correlation was then 
applied to other studies where the number of bilateral and unilateral cases were known 
although raw data were not available. A GEE was utilised in Chapters 3 and 4 where raw 
data were available, to account for known and unknown correlations. Unlike linear 
regression, GEEs can be applied when data are non-parametric. When entering data, each 
measurement is placed in a new row. An additional column, for the participant number, 
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identifies when multiple data points were obtained from the same person and adjusts for 
any correlations. Both the bootstrap and GEE models allowed for the inclusion of all data, 
while accounting for known and unknown correlations. Clinicians should be alert to 
considering these issues when interpreting clinical trials, while researchers should 
additionally consider these issues during study design and analysis. 
 
There are many areas for further research into unilateral and bilateral presentations of 
clubfoot. First, longer follow-up is required to determine if the differences in severity 
correlate to treatment outcomes. That is, to determine whether a foot which is more severe 
at birth is less responsive to intervention. Second, in Chapter 1 it was identified that the 
prevalence of clubfoot varies around the world. It would be of interest to examine if 
severity varies between geographical subgroups. Third, it may be possible in time that 
presentations of unilateral and bilateral clubfoot are classified according to different 
aetiological subgroups. In Chapter 1 it was identified that some children with clubfoot 
present with spinal cord anomalies while others present with peripheral nerve 
abnormalities.14 It would be interesting to know if these differences are predictive of 
unilateral and bilateral clubfoot, and response to treatment. 
 
Comparison of right and left feet in bilateral cases of clubfoot 
The results of Chapter 3 demonstrated that the feet of bilateral clubfoot cases were highly 
correlated at baseline. However this does not infer that feet of bilateral clubfoot cases 
respond in the same way to an intervention. Chapter 4 reported treatment outcomes of 33 
participants with bilateral clubfoot with an average follow-up of 25 months. A correlation 
of baseline Pirani Scores as seen in Chapter 3 was again seen in this cohort (r=0.76, 
p<0.001), however, the results of this study demonstrated further important associations. A 
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high correlation of treatment response to the Ponseti technique including number of serial 
plaster casts required to achieve correction (r=0.76, p<0.001) and need for Achilles 
tenotomy (r=0.94, p<0.001) was demonstrated. Evaluation of relapsed cases revealed a 
possible correlation in relapse of both feet. Of the nine participants who were documented 
to have a relapse, eight developed bilateral involvement. In previous studies of clubfoot, 
bilateral cases have been considered as independent15 or noted to respond to intervention in 
a similar way,11 however quantification of the relationship between right and left feet of 
bilateral clubfoot had not been previously published. 
 
Implications of research findings 
Clinically, the results of this research provide an expectation regarding intervention. Right 
and left feet of bilateral clubfoot cases are likely to respond to serial casting in the same 
way. When an Achilles tenotomy is indicated in one foot, it is likely that the other foot will 
also require an Achilles tenotomy. If one foot in a bilateral case relapses, the clinician 
should be aware of the potential for the other foot to also relapse. 
 
Despite the high correlation between right and left feet in participants with bilateral 
clubfoot there were a number of cases where right and left feet of the same participant did 
not respond to intervention in the same way. In one participant, only one foot required an 
Achilles tenotomy. Another participant experienced relapse in one foot only. As such 
clinicians are advised to examine and manage each foot independently. However, it is 
unknown why this occurred and future studies carefully evaluating symmetry are 
warranted. It could be hypothesised that these cases were not ‘true’ cases of bilateral 
clubfoot, but rather a unilateral clubfoot combined with a ‘postural’ clubfoot, mistaken for 
a structural clubfoot. This may be true of the two outliers seen in Chapter 3 where one foot 
in each participant had a Pirani score of 1.5, while the other feet scored 6 and 4.5 
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respectively. A second hypothesis is that this small number of cases represents another 
subgroup of clubfoot, a group which fall somewhere between unilateral and bilateral 
presentations. Future research may identify other biomarkers which better define these 
groups. 
 
There are many areas for future research in this area. Prospective trials with long term 
follow up are required to determine if differences in severity and correlation between feet 
continue throughout life. Larger trials with longer follow-up will also provide further 
understanding into relapse, particularly in cases of bilateral clubfoot.  
 
Cochrane Systematic Review 
 
The aim of Chapter 5 was to undertake a systematic review which built on the findings of 
the previous chapters. Chapter 1 identified that while two systematic reviews had been 
previously undertaken, only two treatment regimes for clubfoot had been reviewed. While 
there was a need for further systematic reviews, the results of Chapters 3 and 4 indicated 
that the methodology also required a considered statistical approach. In Chapter 5 the 
original and updated Cochrane Systematic Reviews focused on all interventions for any 
type of clubfoot at any age. Only the highest bodies of evidence were included i.e. 
randomised controlled trials or quasi-randomised controlled trials. The quality of the 
included trials was graded as low to moderate and all trials were identified as having at 
least one area of potential bias. Nevertheless, the Review was able to examine the results 
of fourteen randomised controlled trials which examined 13 comparisons for interventions 
for clubfoot. 
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The results of the Cochrane Systematic Review demonstrated that at the end of serial 
casting the Ponseti technique produced superior results compared to the Kite technique 
(p<0.001), and a Traditional technique (p=0.0002). A relapsed clubfoot treated with the 
Ponseti technique was less likely to result in major foot surgery (i.e. intra-capsular 
procedures) compared to the Kite technique (risk difference 25% and 50%). At the end of 
serial casting an accelerated Ponseti technique (3 x week cast changes) was found to be as 
effective as a standard technique (1 x week cast changes) (p=0.39). 
 
Statistical considerations in the Cochrane Systematic Review 
Careful consideration of appropriate analysis was undertaken. The results of Chapters 3 
and 4 identified issues with unit of analysis errors. Prior to analysis, two biostatisticians 
were consulted on appropriate methodology with the goal of maximising the use of 
available data, while ensuring precision of findings. In Chapters 3 and 4 a generalised 
estimating equation (GEE) was used to factor in known and unknown correlations between 
unilateral and bilateral clubfoot cases. However this was unable to be employed in the 
Cochrane Systematic Review as data were reported on continuous scales. GEEs require 
binary outcomes. Therefore a bootstrap technique was used to determine the correlation of 
bilateral cases from one set of raw data and applied to calculate outcomes from 
summarised data of other trials. 
 
Implications of research findings 
 
While these results support the use of the Ponseti technique, there is a need for more 
randomised controlled trials (RCTs) of combined management techniques for clubfoot. 
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While superiority placebo controlled trials would be unethical, equivalence and non-
inferiority trials comparing two or more treatments are necessary to optimise the efficacy 
and economics of health care. 
 
As mentioned the quality of the trials included in the Cochrane Systematic Review were 
graded as moderate to very low (Figure 1). There are many areas which can be improved in 
clubfoot research. Selection bias and allocation concealment bias was considered unclear 
or high in the majority of included trials. Random number generation and blinding can 
improve this bias. Performance bias and detection bias was considered high in almost all 
trials. Blinding of participants in clubfoot trials is often impossible, particularly when trials 
compare two different types of manipulation or surgeries. Cummings and colleagues were 
able to double blind a trial examining the addition of Botulinum Toxin A to the Ponseti 
technique,16 however trials do not routinely blind assessors. Blinding of the assessor could 
be improved, particularly in those trials which examine non-surgical interventions where 
assessor bias could be substantial. 
 
Unfortunately the primary outcome measure in the Cochrane Systematic Review, function 
at one year post intervention, could not be quantified due to lack of data. Furthermore, 
quality of life was documented in only one trial. While long term quality of life has been 
assessed in adults following different treatments for clubfoot17,18 it continues to be under-
utilised as an outcome measure in trials for young children with clubfoot. While the results 
of the TATT trial in Chapter 2 demonstrated no difference between groups on the Infant 
Toddler Quality of Life Questionnaire, those with relapsed clubfoot awaiting a TATT 
presented at baseline with significantly worse function and satisfaction scores on the 
Clubfoot DSI than those with a history of clubfoot who did not require a TATT. While 
including quality of life measures is important to defining overall health of a clubfoot 
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cohort, further considerations are required. As clubfoot outcomes continue to improve, 
assessments will need to consider higher functioning tasks such as the level of participation 
in sport or occupations with greater physical demands to discriminate between those 
interventions which provide good outcomes and those which provide great outcomes. 
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Appendix 2 
Intra-rater reliability of foot and ankle outcome measures in healthy 
children aged 2-6 years 
 
In preparation for the 12 month prospective trial of tibialis anterior tendon transfer (TATT) 
for relapsing clubfoot (Chapter 2), the aim of this preliminary study was to confirm the 
PhD candidate’s intra-rater reliability of three existing reliable foot and ankle outcome 
measures in healthy children aged 2-6 years. In a total of 28 children aged 2-6 years, intra-
rater reliability of the Foot Posture Index for foot alignment (13 children); hand-held 
dynamometry for foot inversion, eversion, plantarflexion and dorsiflexion strength (15 
children); and the Dimeglio scale for range of movement (13 children)was assessed. Intra-
class correlation coefficients (ICC3,1) and 95% confidence intervals, standard error of 
measurement and paired t-tests were calculated to determine relative and absolute intra-
rater reliability. Intra-rater reliability for the Foot Posture Index had an intra-class 
correlation coefficient (ICC3,1) of 0.94 (95% CI 0.85-0.99) with standard error of 
measurement (SEM) of 0.62. Intra-rater reliability of hand-held dynamometry ranged from 
ICC 0.81 – 0.85 (95% CI 0.53-0.95) with a SEM of 8.6 – 22.6 N. Intra-rater reliability of 
the Dimeglio scale was an ICC of 0.95 (95%CI 0.85-0.99) with a SEM of 0.45. Paired-
sampled t-tests showed no absolute differences between trials. Measures of foot alignment, 
strength and range of movement demonstrated excellent intra-rater reliability in healthy 
children aged 2 to 6 years. In children aged 2-6 years with relapsed clubfoot, these 
measures can demonstrate objective outcomes of the clinical trial in Chapter 2. 
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Background  
 
Congenital talipes equinovarus (clubfoot) is a common congenital paediatric orthopaedic 
condition occurring in 1-2 per 1000 newborns.1,2 It is characterised by structural equinus, 
varus, supination and cavus, which, if left untreated leads to long term functional 
disability, deformity and pain.3 The evaluation of alignment, strength and range in the 
older child with clubfoot using reliable and valid assessment tools are essential to detect 
early relapse, initiate further treatment and evaluate outcomes of intervention.  
 
The Foot Posture Index (FPI) was developed as a tool to quantify weight-bearing foot 
alignment in quiet standing. It has been used to examine cavovarus severity of  children 
with Charcot-Marie-Tooth disease4 and may be an important tool to identify changes of 
foot deformity pre- and post-intervention for clubfoot. One study5 has evaluated the inter-
rater reliability of healthy children aged 5-16 years with excellent results (Kw = 0.86). 
Reliability of the FPI has also been assessed in 10 adolescents with excellent intra-rater 
reliability (ICC 0.81-0.92)6, however no study has assessed the intra-rater reliability of the 
FPI at an age typically seen in recurrent clubfoot (2 to 6 years). 
 
Muscle strength imbalance has been hypothesised as a cause for relapsed clubfoot.3,7,8 
Muscle strength is traditionally measured by manual muscle testing using the Medical 
Research Council (MRC) grades. While this technique is inexpensive and quick to conduct 
it has lower reliability and accuracy compared to other objective measures of strength, 
especially in children.9,10 One alternative is the hand-held dynamometer. Very young 
children have been shown to produce reliable isometric force measurements11 and one 
study12 has demonstrated the reliability of hand-held dynamometry of the foot and ankle in 
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children under 4 years. Reliability using the Citec hand-held dynamometer in children aged 
2- 4 years has been demonstrated.12 
 
Clubfoot affects sagittal, frontal and transverse planes of movement and the assessment of 
range of movement is important in relapsed clubfoot to determine severity and assess 
response to treatment. The most widely accepted assessment for clubfoot in infants is the 
Pirani Scale,13,14 although in older children, it has been shown to be less sensitive to 
change than the Dimelgio Scale.15 The Dimeglio Scale is a standardised, clubfoot specific 
scale used to assess the degree of reducibility of the deformity, or passive range of 
movement. When compared to other measures of strength, such as cybex, hand held-
dynamometry is cheaper and more readily available.16 Excellent inter-rater reliability (ICC 
0.83, 95% CI 2.5 points) has been reported in infants (aged 1 week to 28 months).17 
However, no study has assessed the intra-rater reliability of the Dimelgio Scale at an age 
typically seen in relapsed clubfoot (2 to 6 years). 
 
In recent years the treatment of relapsed clubfoot has evolved to focus on primarily 
conservative approaches with minimal surgical intervention.3,18-21 Reliable assessment of 
disease severity is critical when determining any response to an intervention. In 
preparation for the prospective study assessing outcomes following TATT surgery, the aim 
of this study was to evaluate the intra-rater reliability of the Foot Posture Index, hand-held 
dynamometry and the Dimeglio Scale in healthy children 2- 6 years of age. 
 
Methods 
 
A total of 28 children aged 2 to 6 years participated in this study. Children were recruited 
through outpatient clinics between August and December 2010. Children were excluded if 
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they had a condition affecting foot and ankle muscle strength, alignment or range of 
movement. 
Children were assessed twice by the PhD Candidate (K.G.) with seven years of clinical 
paediatric experience. To determine intra-rater reliability, the testing procedure was 
performed twice with the second assessment conducted 1-2 hours later on the same day. 
One foot was randomly selected for testing to satisfy the independence requirement for 
statistical analysis22 and to minimise any bias that may have originated from assessor (and 
participant) limb dominance, fatigue, improved skill acquisition, or any other unknown 
cause of systematic error.12 
 
Foot Posture Index 
 
The FPI was assessed in 13 children according to a standardised protocol.23,24 Each child 
was assessed in standing, and asked to take a few steps on the spot to attain even weight 
bearing angle and base of gait. If unable to do this, the parent/carer lifted the child off the 
floor and then placed them back down again. Children were not allowed upper limb 
support (e.g. parent hand or furniture) during the assessment. If the examiner felt the child 
was not evenly weight bearing, the above movements were repeated until the child attained 
observed even weight bearing. Each assessment was explained to the child to minimise 
anxiety and improve compliance with testing. The child was advised to look straight ahead 
and not at their feet. All measurements were completed while viewing the child’s feet from 
behind and scoring was completed in accordance with the FPI manual (Figure 1).23 In 
cases of genuine doubt, the more conservative (closer to zero) score was given. Repeated 
assessments were carried out if the assessor felt the child was not obtaining equal weight 
through both legs or if the child was moving throughout the assessment. 
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Figure 1 The Foot Posture Index (Redmond et al)24 
 
Hand-Held Dynamometry  
 
Isometric muscle strength was quantified in 15 children using the Citec hand-held 
dynamometer (CIT Technics, Groningen, The Netherlands), according to a standardised 
protocol.12 The hand-held dynamometer was calibrated as per the manufacturer’s 
specification, to an error margin of 0.1% and a range of 0 – 500N. The hand-held 
dynamometer was aesthetically modified in order to appear less intimidating and more 
acceptable to the young participants through the application of age-appropriate decorations 
(Figure 2). 
 
Each child was positioned in long sitting (hips flexed and knees extended) on an 
examination table with a backrest. Children observed the procedure and positional changes 
between testing of the different muscles groups to reduce anxiety and improve 
compliance.11 The lower limb was stabilised by the assessor, proximal to the ankle joint, to 
isolate movement and prevent additional unwanted movement. Isometric muscle strength 
of foot inversion, eversion, plantarflexion and dorsiflexion were measured in mid- range, 
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in accordance with the optimal test position for two or more joint muscles.25 The foot and 
ankle were placed over the edge of the examination table to minimise interruption of the 
movement. For inversion, the dynamometer was placed on the medial border of the foot, 
just distal to the base of the first metatarsal. For eversion, it was placed against the lateral 
border of the foot, just distal to the base of the fifth metatarsal. For ankle plantarflexion the 
dynamometer was placed against the plantar surface of the foot, just proximal to the 
metatarsal heads; and for dorsiflexion, against the dorsal surface of the foot, just proximal 
to the metatarsal heads. 
 
The ‘make’ test, as opposed to the ‘break test’ method was used whereby the assessor 
holds the hand-held dynamometer stationary while the child exerted a maximal force 
against it. Previous studies have reported the highest reliability with the ‘make’ test.26 Each 
movement was explained, demonstrated and practiced with each child until the assessor 
felt the movement was correct and to the best of the child’s ability. Three consecutive 
contractions of three to five seconds for each muscle group were measured. The average of 
three contractions (one trial) was used for analysis as mean values are considered more 
reliable than maximal values.27 Standardised verbal encouragement was given to each child 
with every effort. Short rest breaks were given to each child after every effort. Further 
contractions were carried out if the assessor felt the child’s effort was incomplete, or the 
movement was performed incorrectly. 
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Figure 2. Hand Held Dynamometry (Photo courtesy of Dr Kristy Rose) 
 
Dimeglio Scale  
 
Range of movement using the Dimeglio Scale was assessed in 13 children according to a 
standardised procedure.16 Each child was positioned in sitting on an examination table or 
chair with a backrest. The child was allowed to view the examination to reduce anxiety and 
subsequent active resistance to the passive movement. The assessor stabilised the lower 
limb proximal to the ankle joint to isolate movement at the joint and minimise additional 
substitution movements. All movements were assessed with the knee in flexion and 
measured with a small goniometer (Baseline™, Diagnostic and Measuring Instruments, 
Fabrication Enterprises Inc., White Plains, NY). Reducibility was tested gently without 
forcing the foot.16 The four additional points documenting the presence of cavus, posterior 
crease, medial crease and poor muscular condition were assessed in sitting with the foot in 
a resting /non-corrected position. Scoring was conducted using standardised diagrams 
developed by Dimeglio et al16 (Figure 3). Repeated assessments were carried out if the 
assessor felt the movement was performed incorrectly or if the child resisted, making 
passive movement difficult to assess. 
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Assessment of Clubfoot by Severity Scale 
Characteristics: 
Deformity 
Points 
(pts) 
Characteristics: 
Other parameters 
Points 
(pts) 
90-45° 4 Posterior crease 1 
45-20° 3 Medial crease 1 
20-0° 2 Cavus 1 
>20- -20° 1 
Poor muscle 
condition 
1 
 
 
Figure 3. Dimeglio Scale from Eastwood et al28 
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Statistical Methods 
 
Descriptive statistics were calculated to characterise the study sample in SPSS v18.0 
(Chicago, Illinois). Intra-class correlation co-efficient (ICC3,1) and 95% confidence 
intervals (95%CI) were calculated to determine intra-rater reliability. Benchmarks 
suggested by Fleiss29 were used to interpret ICC values, where a value of 0.75 or greater 
indicates excellent reliability; 0.4 to 0.75, fair to good reliability; 0.4 or less, poor 
reliability. The standard error of measurement and paired t-tests were calculated to 
determine the absolute between-trial variability.30 
 
Results 
 
Foot Posture Index  
 
Scores were obtained from 13 children aged 2 - 6 years (mean age 3.6 years). There were 8 
boys and 5 girls. Mean FPI was 3.7 with a range of -2 to 8. Intra-rater reliability was 
excellent (ICC = 0.94) with high 95% CIs (ICC=0.85 – 0.99). Measurement error was low 
(0.62), representing 12% of the sample mean (Table 1). Paired t-tests showed no statistical 
significance between the first and second session (p = 0.14). 
 
Hand-Held Dynamometry 
 
Strength values were obtained from 15 children aged 2 - 6 years (mean age 4.3 years). 
There were 6 boys and 9 girls. Intra-rater reliability was excellent (ICC 0.81 – 0.85) with 
good to excellent 95% CIs (ICC 0.53 – 0.95) and measurement error was 7.7 – 22.6 N, 
representing 10 - 14% of the sample mean (Table 1). Ankle plantarflexion was the least 
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reliable and ankle inversion was the most reliable. Paired t-tests showed no statistical 
significance between trials (p = 0.75 – 0.96). 
 
Dimeglio Scale 
 
Scores were obtained from 13 children aged 2 - 6 years (mean age 3.6 years). There were 8 
boys and 5 girls. Intra-rater reliability was excellent (ICC= 0.95) and 95% CI’s were high 
(0.85 – 0.99). Measurement error was 0.45, representing 12% of the mean (Table 1). Paired 
t-test showed no statistical significance between trials (p = 0.67). 
 
Discussion  
 
This study demonstrates that the FPI, hand held dynamometry and Dimeglio Scale have 
excellent intra-rater reliability in healthy children aged 2 to 6 years. The standard error of 
measurement ranged from 10-17%. Clinically, any change between pre- and post 
intervention less than the standard error of measurement (i.e. 10-17%) should be 
interpreted with caution. 
 
Coldham31 found that healthy populations provide less reliable measurements than 
symptomatic cohorts while Gelfer and colleagues reported that children without foot 
deformities presented with a wider range of values and lower reliability in ankle range of 
movement compared to those with clubfoot.32 Therefore it is expected that children with 
clubfoot are likely to produce more reliable results. 
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Table 1 Intra-rater reliability of the Foot Posture Index, hand-held dynamometry and 
Dimeglio Scale. 
Measures No. 
Trial 
1 
Trial 
2 
ICC3,1  
(95% CI) 
SEM 
Difference 
between 
trial 1 
and 2 
(SD) 
p-
value 
Foot Posture 
Index 
13 3.9 3.5 
0.94  
(0.81 to 0.98) 
0.62 0.4 (0.9) 0.14 
Hand-Held Dynamometry    
Inversion (N) 15 68.56 63.15 
0.85  
(0.61 to 0.95) 
7.7 5.40 (10.9) 0.75 
Eversion (N) 15 68.55 68.74 
0.82  
(0.55 to 0.94) 
9.7 
-0.19 
(13.7) 
0.96 
Dorsiflexion (N) 15 81.50 78.88 
0.84  
(0.59 to 0.94) 
8.2 2.62 (11.6) 0.40 
Plantarflexion (N) 15 151.78 161.25 
0.81  
(0.53 to 0.93) 
22.6 
-9.47 
(31.6) 
0.27 
Dimeglio scale 13 3.7 3.8 
0 
(0.85 to 0.99) 
0.5 -0.1 (0.6) 0.67 
N=Newtons        
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Our excellent reliability results for the FPI are consistent with previous studies of other age 
groups. The FPI has demonstrated high intra-rater reliability in children aged 4 to 6 years 
(ICC 0.80) and adolescents aged 8 to 18 years (ICC 0.81-0.92)5,6,33. The consideration of 
foot type between healthy and affected children has also been raised in previous reliability 
studies.5 Our cohort consisted of healthy children, who typically at this age display 
pronated feet.34 This was reflected in our range of scores (mean 3.7, range -2 to 8). 
Children of the same age with relapsed clubfoot, usually display equinovarus / supinated 
feet which may alter reliability when tested in this group. 
 
Our high ICC’s for hand-held dynamometry compare favourably with those of Rose et al12 
who assessed hand-held dynamometry of healthy children 2-4 years of age. However our 
95% CI’s were wide and SEM ranged from 7.7 to 22.6N, whereas Rose and colleagues 
ranged from only 1.5 – 4.7N. This may due to the smaller number of children in our study 
compared to n=60 in Rose et al. Such variability in some cases may have been due to a 
learning effect ory limited motivation and challenging behaviour typical of this very young 
age group.11 
 
The Dimeglio Scale has undergone limited reliability analyses. Following an initial 
learning curve, intra-rater reliability in children aged 1 week to 28 months has been shown 
to have a 2 point discrepancy between three examiners after assessing 100 feet.16 In our 
sample an error of only 0.45 points was achieved by a clinician with two years’ experience 
using the Dimeglio Scale. 
 
There are limitations to this study. Firstly, the assessor was not blinded to the hand-held 
dynamometry or goniometer scores, creating potential bias. This was unavoidable with 
hand-held dynamometry as it has to be re-set to zero between efforts and would have 
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altered readings if not done so. The hand-held dynamometry automatically switches off 
after 15 seconds which would have resulted in wasted efforts and reduced compliance as 
attention span is generally limited in this age group. Further, Dimeglio scale measurements 
from the goniometer are read from the fulcrum. Blinding or covering this part of the device 
would have compromised accuracy in the set up for the measurement. Secondly 
measurements were conducted several hours apart with the possibility that there was partial 
recall of the first measurement. However many measurements were commonly conducted 
in each session and separate recording sheets were used for each measurement, minimising 
the possibility of recall. Finally the use of a healthy cohort may not be comparable to a 
clubfoot cohort, however children of the same age with clubfoot were expected to be 
recruited for the prospective trial in Chapter 3 and recruitment for this study may have 
resulted in overburden leading to lack of consent to participate in the prospective trial. 
Furthermore, studies have previously shown that reliability in a clubfoot cohort is higher 
than in a healthy population.32 
 
Conclusions  
 
Measures of foot alignment, strength and range of movement have excellent intra-rater 
reliability when assessed using the Foot Posture Index, hand-held dynamometry and the 
Dimeglio Scale in healthy children aged 2 to 6 years. The results of this study support the 
use of these measures in the prospective trial to assess outcomes following tibialis anterior 
tendon transfer in Chapter 3. 
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Appendix 3 
Participation and consent forms for Chapter 3 
 PARENT INFORMATION SHEET 
 
 
Clinical Outcomes following Tibialis Anterior Tendon transfer in 
children with Congenital Talipes Equinovarus (CTEV). 
 
 
Investigators: 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3352 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
Mr T Juarez, Orthopaedic Physiotherapist, 9845 3369 
 
 
We would like you to consider participating in a research study that will be conducted in  
The Orthopaedic Department at The Children’s Hospital at Westmead. 
 
What is the study about? 
We are assessing the quality of movement of children pre and post tibialis anterior tendon 
transfer. We are going to do this by asking you some questions about your child and 
looking at the quality of your child’s walk and range of movement before and after surgery. 
From this, we will be able to see how foot surgery affects children with CTEV over time.  
 
Who can participate in the study? 
Children who are 2-10 years old who have CTEV and who have been treated with the 
Ponseti technique can take part in the study. Because we are looking at your child’s 
walking and movement before and after surgery, to take part in the study you and your 
child (with your doctor) need to have decided to undergo tendon transfer but not have had 
the operation yet. Children are unable to participate if they have had other major clubfoot 
surgery, if they are pregnant or if they have an acute ankle injury.  
 
What will the study involve? 
Before the surgery, we will ask you, the parent, to complete two questionnaires. The 
questionnaires will ask you about how well your child is able to walk, run and move. Your 
child’s foot will also be assessed for the amount of movement, standing alignment and 
quality of walking. This will be done by looking at your child’s foot in standing and walking. 
We will ask them to step on a special mat which will record the way they walk. We will 
also videotape your child walking. None of these assessments will cause discomfort to 
your child and you may be present for all of them. It will take approximately 20 minutes in 
the clinic to complete them.  You may stop the assessment if you feel your child is in 
distress. All the assessments will be done at the same time when you are due to be 
reviewed by your doctor in the Orthopaedic Clinic. They will take approximately an extra 
20 mins to complete on top of your normal visit time.  
 
3 months after your child’s surgery, we will ask you and your child to complete the same 
assessments again. This will be done in the Orthopaedic Clinic with Dr Gibbons or Dr 
Bellemore while you are there to see them. We will then repeat the assessments at your 
Corner Hawkesbury Road 
and Hainsworth Street 
 
Locked Bag 4001 
Westmead NSW 2145 
Sydney Australia  
 
DX 8213 Parramatta 
 
Tel +61 2 9845 0000 
Fax +61 2 9845 3489 
www.chw.edu.au 
ABN 53 188 579 090 
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follow-up visits at 6 months, 12 months, 2 and 3 years post-surgery when you are being 
reviewed by the doctor.  
Are there any benefits for my child participating in the study? 
There are no known benefits for your child in participating in this study.  We hope that the 
results from this study will tell us more about the effects of the foot surgery on your child’s 
pain, movement and ability to walk and play sports.  
 
Are there any side-effects and risk associated with this study? 
Apart from the risks associated with your child’s foot surgery, there are no anticipated 
risks or side effects associated with this study.  
 
Other information 
All information regarding your child will be kept private. Data will be stored in a locked 
cabinet in the Orthopaedic Department, and in a password-protected computer database 
accessible only to the investigators of this study. Data will be kept for 5 years. Paper data 
will be shredded. Results of this study will be made available through medical and 
scientific publications and presentations. In any publication, information will be provided in 
such a way that your child cannot be 
Identified and your child’s privacy will be maintained.  
 
Participation in this project is voluntary and if you decide not to take part or decide to 
withdraw at any time this will not otherwise affect your child’s care at the Hospital. 
 
If you have any questions about the conduct of this study, please do not hesitate to 
discuss them with: 
 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3347 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
 
 
This project has been approved by The Children’s Hospital at Westmead Ethics 
Committee.  If you have any concerns about the conduct of this study, please do 
not hesitate to contact Eleanor Thackray, Secretary of the Ethics Committee (02 
9845 3017). 
 
 
This Information Sheet is for you to keep. We will also give you a copy of the signed 
consent form.  
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CHILD INFORMATION SHEET 
 
 
Clinical Outcomes following Tibialis Anterior Tendon transfer in 
children with Congenital Talipes Equinovarus. 
 
 
Investigators: 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3352 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
Mr T Juarez, Orthopaedic Physiotherapist, 9845 3369 
 
 
This is a booklet that has been put together to help you decide if you would like to take 
part in our research study about how your foot moves and works before and after your 
foot surgery. 
 
Who is doing the study?  
 
This study is being run by the Orthopaedic Department at CHW. The Orthopaedic 
Department manage children with bone and joint problems including clubfeet. 
 
 
What is the study about? 
 
We will be looking at what you are able to do before and after your foot surgery. We are 
going to do this by looking at the way you walk, how strong your foot is and how much 
movement you have in your foot. Mum or Dad will also fill out a form with some questions 
about how you move.  
 
What will I have to do if I take part?  
 
Before you have your foot surgery, we will ask your parents to answer some simple 
questions about any pain you have from your foot and the way you walk and run. We will 
ask you to do some walking, standing and moving activities to that we can look at the 
amount of movement and strength in your foot. We will also look at and video the way you 
stand and walk. None of the activities hurt and your mum or dad can be there for all of 
them. It will take about 20 minutes to do them all. 
 
3 months after your surgery, we will ask you and your parents to complete the same 
questions and activities again. This will be done in the same place when you are here to 
see Dr Gibbons or Dr Bellemore. We will then do the same assessments at your follow-up 
visits at 6 months, 12 months, 2 years and 3 years after surgery.  
 
 
Do I have to take part in the research?  
 
No you don’t. If you say no, that will be ok. 
 
Even if you take part at the beginning and change your mind later on and don’t want to be 
a part of the study that is okay as well. All you need to do is tell the researcher that you 
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don’t want to take part anymore. You also don’t need to answer any questions that you 
don’t want to as well, that is okay too.  
 
Will anyone know that I am taking part or hear about what I tell you?  
 
No, no-one will know what information you gave to the researchers. You can tell them 
whatever you want and no-one will know that it came from you.  
 
The only time would have to tell someone is if anyone hurt you or upset you in any way. 
The researchers would also have to tell someone if you said you might hurt yourself or 
someone else. If any of those things happen they would have to tell the child protection 
service.  
 
 
Is there anything that might make me upset if I take part in the research? 
 
If anything you talk about or do during the research does make you upset you can stop 
the research. Your parents will be told and you will be given the names of people you can 
talk to about what is making you upset, if that is what you want to do. The researcher can 
help you do that.  
 
 
What will happen to the information I tell you? 
 
The information you tell us will only be used by the Orthopaedic Department to help us 
figure out how well our patients are doing after their surgery. No-one else will be allowed 
to use this information. The information could be used in reports or papers about the 
research. You will not be able to be identified in these reports or papers.  
 
The information you tell us will be stored in a computer database, which only the 
researchers will have access to. In the database you will only be identified by your 
hospital number and not your name. 
 
If you have any questions about the research project or you want to talk about it, please 
contact us. You can reach us at: 
 
The Orthopaedic Department 
Phone: 9845 3352 
 
 
This project has been approved by The Children’s Hospital at Westmead Ethics 
Committee.  If you have any worries or questions about the study, please call 
Eleanor Thackray, (02 9845 3017), who is the Secretary of the Ethics Committee. 
 
 
This booklet is for you to keep.  
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PARENT INFORMATION SHEET 
 
 
Clinical Outcomes following Tibialis Anterior Tendon transfer in 
children with Congenital Talipes Equinovarus (CTEV). 
 
 
Investigators: 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3352 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
Mr T Juarez, Orthopaedic Physiotherapist, 9845 3369 
 
 
We would like you to consider participating in a research study that will be conducted in  
The Orthopaedic Department at The Children’s Hospital at Westmead. 
 
What is the study about? 
We are assessing the quality of movement in children with talipes equinovarus. We are 
comparing the difference between those children who need a tibialis anterior tendon 
transfer to those who don’t. We are going to do this by asking you some questions about 
your child and looking at the quality of your child’s walk and range of movement over 
several years. From this, we will be able to see how foot surgery affects those children 
over time.  
 
Who can participate in the study? 
Children who are 2-10 years old who have CTEV and who have been treated with the 
Ponseti technique can take part in the study. Children are unable to participate if they 
have had other major clubfoot surgery, if they are pregnant or if they have an acute ankle 
injury.  
 
What will the study involve? 
We will ask you, the parent, to complete a short questionnaire. The questionnaire will ask 
you about how well your child is able to walk, run and move. Your child’s foot will also be 
assessed for the amount of movement, standing alignment and quality of walking. This will 
be done by looking at your child’s foot in standing and walking. We will ask them to step 
on a special mat which will record the way they walk. We will also videotape your child 
walking. None of these assessments will cause discomfort to your child and you may be 
present for all of them. It will take approximately 20 minutes in the clinic to complete them.  
You may stop the assessment if you feel your child is in distress. All the assessments will 
be done at the same time when you are due to be reviewed by your doctor in the 
Orthopaedic Clinic. They will take approximately an extra 20 mins to complete on top of 
your normal visit time.  
 
In 3 months, we will ask you and your child to complete the same assessments again. 
This will be done in the Orthopaedic Clinic with Dr Gibbons or Dr Bellemore while you are 
there to see them. We will then repeat the assessments at your follow-up visits at 6 
months, 12 months and 2 years 
Are there any benefits for my child participating in the study? 
There are no known benefits for your child in participating in this study.  We hope that the 
results from this study will tell us more about the effects of the foot surgery on these 
children’s pain, movement and ability to walk and play sports.  
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Are there any side-effects and risk associated with this study? 
There are no anticipated risks or side effects associated with this study.  
 
Other information 
All information regarding your child will be kept private. Data will be stored in a locked 
cabinet in the Orthopaedic Department, and in a password-protected computer database 
accessible only to the investigators of this study. Data will be kept for 5 years. Paper data 
will be shredded. Results of this study will be made available through medical and 
scientific publications and presentations. In any publication, information will be provided in 
such a way that your child cannot be 
Identified and your child’s privacy will be maintained.  
 
Participation in this project is voluntary and if you decide not to take part or decide to 
withdraw at any time this will not otherwise affect your child’s care at the Hospital. 
 
If you have any questions about the conduct of this study, please do not hesitate to 
discuss them with: 
 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3347 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
 
 
This project has been approved by The Children’s Hospital at Westmead Ethics 
Committee.  If you have any concerns about the conduct of this study, please do 
not hesitate to contact Eleanor Thackray, Secretary of the Ethics Committee (02 
9845 3017). 
 
 
This Information Sheet is for you to keep. We will also give you a copy of the signed 
consent form.  
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CHILD INFORMATION SHEET 
 
 
Clinical Outcomes following Tibialis Anterior Tendon transfer in 
children with Congenital Talipes Equinovarus. 
 
 
Investigators: 
Dr P Gibbons, Orthopaedic Department, 9845 3352 
Dr M Bellemore, Orthopaedic Department, 9845 3352 
Ms K Evans, Orthopaedic Research Physiotherapist, 9845 3369 
Mr T Juarez, Orthopaedic Physiotherapist, 9845 3369 
 
 
This is a booklet that has been put together to help you decide if you would like to take 
part in our research study about how your foot moves and works before and after your 
foot surgery. 
 
Who is doing the study?  
 
This study is being run by the Orthopaedic Department at CHW. The Orthopaedic 
Department manage children with bone and joint problems including clubfeet. 
 
 
What is the study about? 
 
We will be looking at what you are able to do with your feet. We are going to do this by 
looking at the way you walk, how strong your foot is and how much movement you have in 
your foot. Mum or Dad will also fill out a form with some questions about how you move.  
 
What will I have to do if I take part?  
 
We will ask your parents to answer some simple questions about any pain you have from 
your foot and the way you walk and run. We will ask you to do some walking, standing 
and moving activities to that we can look at the amount of movement and strength in your 
foot. We will also look at and video the way you stand and walk. None of the activities hurt 
and your mum or dad can be there for all of them. It will take about 20 minutes to do them 
all.    
 
In 3 months, we will ask you and your parents to complete the same questions and 
activities again. This will be done in the same place when you are here to see Dr Gibbons 
or Dr Bellemore. We will then do the same assessments at your follow-up visits at 6 
months, 12 months and 2 years.  
 
 
Do I have to take part in the research?  
 
No you don’t. If you say no, that will be ok. 
 
Even if you take part at the beginning and change your mind later on and don’t want to be 
a part of the study, that is okay as well. All you need to do is tell the researcher that you 
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don’t want to take part anymore. You also don’t need to answer any questions that you 
don’t want to as well, that is okay too.  
 
Will anyone know that I am taking part or hear about what I tell you?  
 
No, no-one will know what information you gave to the researchers. You can tell them 
whatever you want and no-one will know that it came from you.  
 
The only time would have to tell someone is if anyone hurt you or upset you in any way. 
The researchers would also have to tell someone if you said you might hurt yourself or 
someone else. If any of those things happen they would have to tell the child protection 
service.  
 
 
Is there anything that might make me upset if I take part in the research? 
 
If anything you talk about or do during the research does make you upset you can stop 
the research. Your parents will be told and you will be given the names of people you can 
talk to about what is making you upset, if that is what you want to do. The researcher can 
help you do that.  
 
 
What will happen to the information I tell you? 
 
The information you tell us will only be used by the Orthopaedic Department to help us 
figure out how well our patients are doing with their treatment. No-one else will be allowed 
to use this information. The information could be used in reports or papers about the 
research. You will not be able to be identified in these reports or papers.  
 
The information you tell us will be stored in a computer database, which only the 
researchers will have access to. In the database you will only be identified by your 
hospital number and not your name. 
 
If you have any questions about the research project or you want to talk about it, please 
contact us. You can reach us at: 
 
The Orthopaedic Department 
Phone: 9845 3352 
 
 
This project has been approved by The Children’s Hospital at Westmead Ethics 
Committee.  If you have any worries or questions about the study, please call 
Eleanor Thackray, (02 9845 3017), who is the Secretary of the Ethics Committee. 
 
 
This booklet is for you to keep. 
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CONSENT FORM 
 
 
 
Clinical Outcomes following Tibialis Anterior Tendon 
transfer in children with Congenital Talipes 
Equinovarus 
 
 
Investigators: 
Dr Paul Gibbons, Department of Orthopaedics Phone 9845 3352 
Dr Michael Bellemore, Department of Orthopaedics Phone 9845 3352 
Kelly Evans, Department of Orthopaedics/ Physiotherapy Phone 9845 3369 
Tony Juarez, Department of Orthopaedics/Physiotherapy Phone 9845 3369 
 
 
I have read and understand the Information Sheet, and give my consent for my child                  
to participate in this research study, which has been explained to me by   
 
___________________________________________________________________ 
 
I understand that my child is free to withdraw from the study at any time and this decision 
will not otherwise affect my child’s treatment at the Hospital. 
 
 
NAME OF CHILD: _______________________________________ (Please print) 
 
 
NAME OF PARENT OR GUARDIAN: ________________________ (Please print) 
 
 
SIGNATURE OF PARENT OR GUARDIAN: ___________________ Date: ______ 
 
 
NAME OF WITNESS: ____________________________________ (Please print) 
 
 
SIGNATURE OF WITNESS: _______________________________ Date: _______ 
 
 
NAME OF INTERPRETER: ________________________________ (Please print) 
 
 
SIGNATURE OF INTERPRETER: ___________________________ Date: _______ 
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Data collection sheets for Chapter 2 
TATT DATA COLLECTION SHEET 
Name:   
AFFIX LABEL HERE Dob:  
Circle: (both if reqd) 
CTEV Right Height 
Left 
Tib ant transfer for Right Weight 
Left 
Control Group   
Assessment Date: Next assessment:  
YES / NO 
Pre-casting  
 Pre –operative  
 3/12 f/u  
 6 /12 f/u  
 12 /12 f/u  
 
Inclusion Criteria (must meet all criteria)  
1. CTEV treated with Ponseti technique 
2. 2-10 years of age 
 
Exclusion criteria 
1. Dx neurological, CTD or syndrome 
2. Prior major surgery 
3. Acute foot injuries (e.g. ankle sprain/fracture) 
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Patient Name   
Date  
Circle one Pre-op 3/12 6/12 12/12 
 
DIMEGLIO SCALE 
Score 0 1 2 3 4 
Equinus > + 20 deg 0-20 deg -20 to 0 deg -45 to -20 deg -90 to -45 deg 
Varus > + 20 deg 0-20 deg -20 to 0 deg -45 to -20 deg -90 to -45 deg 
Sup/Abd > + 20 deg 0-20 deg -20 to 0 deg -45 to -20 deg -90 to -45 deg 
Met Add > + 20 deg 0-20 deg -20 to 0 deg -45 to -20 deg -90 to -45 deg 
Post crease No Yes 
Med crease? No Yes 
Cavus No Yes 
Muscle No Yes 
 
 Left Right 
Equinus   
Varus   
Supination/Abduction   
Met adductus   
P.C   
M.C   
Cavus   
Muscle   
Total   
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FOOT POSTURE INDEX 
Foot Posture Index Left        Right 
1. Talar head palpation   
2. Curves above and below lateral malleoli    
3. Inversion/eversion of the calcaneus   
4. Bulge in the region of the TNJ   
5. Congruence of the medial arch   
6. Abduction/adduction of the forefoot    
Total   
 
DYNAMOMETRY 
 
 RIGHT FOOT LEFT FOOT 
ATTEMPT 1 2 3 Av. 1 2 3 Average 
INVERSION         
EVERSION         
DORSIFLEXION         
PLANTARFLEXION         
 
QUESTIONNAIRES  
DSI Completed by parent and checked by therapist that all filled in 
 
ITQOL Completed and checked by therapist 
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EMED PEDOBAROGRAPH 
 
 Instruct the child to walk toward the foot plate unaided. 
 Minimum 3 steps before the platform 
 Always do both sides, repeat until you get 3 good attempts 
Save only good attempts. Tick box when you get a good attempt! 
 Save under E.g. John smith pre op right foot 
SIDE 1 2 3 
RIGHT FOOT    
LEFT FOOT    
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Appendix 4 
Interventions for congenital talipes equinovarus (Protocol). 2010  
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Interventions for congenital talipes equinovarus (clubfoot)(Review). 2012  
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